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Effect of Furacin (5-Nitro-2-Furaldehyde Semicarbazone) on the in vitro 


Metabolism of Mammalian Tissues.* 


(19444) 


H. E. Paut, M. F. Paut, anv F. Kopxo. (Introduced by R. J. Main.) 


From the Division of Biology, Eaton Laboratories, Norwich, N. Y. 


The effect of the antimicrobial nitrofuran, 
Furacin(1), on various bacterial enzyme sys- 
tems has recently been described by Green 
(2,3), and,.by Asnis and Gots(4,5). Since 
the nitrofurans are being studied as systemic 
agents in the treatment of various pathological 
conditions, it is essential to determine the 
effect of such chemotherapeutic agents on the 
host as well as on the invading organism. 
Chronic oral administration of nitrofurans to 
laboratory animals has been associated with 
few histological changes other than reversible 
effects on seminiferous tubules and adrenal 
cortex(6-8). The most prominent symptom 
following single massive oral doses of Furacin 


* This paper was presented in part before the 
American Chemical Society, Boston, April 1951. 


to animals is hyper-irritability with occasional 
convulsions (6,8). 

Studies of the effects of Furacin on tissue 
metabolism im vitro have been initiated and 
certain of the observed data are presented in 
this paper. These studies should aid in ex- 
plaining some of the observed effects of 
Furacin in the mammalian organism (hyper- 
irritability, etc.). Combined with such stud- 
ies as those of Green(2,3), or of Asnis and 
Gots(4,5), any difference in action of Furacin 
on mammalian and bacterial cells might be 
elucidated. 


Experimental. Measurements of oxygen up- 
take were made with standard Warburg ap- 
paratus in an atmosphere of oxygen in Krebs- 
Ringer-phosphate buffer(9) pH 7.2. Anaero- 
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TABLH I. Effect of Furacin on Oxygen Uptake of Various Rat Tissues Under Endogenous 
Conditions and with Added Glucose. 


BKuraecin No. ———Q02*—————_{ 

Tissue Substrate cone. flasks 30 min Lhr 2 hr 
Liver Mndogenous _— 3 3.2 3 2.3 
WY t 3 2. 2.7 1.3 
Glucose .2% = 5 3.9 3.5 2.6 
af tego) | 6 4.8 3.2 1.8 
Kidney Mndogenous — 6 16.1 14.5 12.3 
” t 5 16.7 13.2 10.3 
Glucose .2% oo 3 16.4 16 14.8 
a2 ay i 3 19.7 17.9 15.2 
Brain ndogenous = 6 4.8 3.3 1.5 
fe! t 6 5.4 2.5 6 
Glucose .2% — 3 11.1 10.1 9.2 

ty id t 5 11.9 8.3 2.7 

Diaphragm cndogenous _= 3 4.5 3.4 3 

” } 3 4.5 1.8 Ref 

Glucose 2% — 3 5.4 4.4, atlas 

aie “ff t 3 5.8 3.8 Lean 

Destis Mndogenous — 3 2.9 2.5 aal 
ag t 3 2.4 8 4 
Glucose .2% —_ 3 6.2 5 ove 
fe a { 3 4.5 3.d 2.2 
Hoart Glueose 2% — 6 2.8 2.7 1.8 
ed ” ni 6 2.1 Lib 6 


*mm* Oo/mg dry wt tissue/lir, 
| Muracin cone, 7 * 10 M, 


bie studies were made in bicarbonate buffer 
(9) in an atmosphere of 95% Ne, 5% COs. 
Tissue slices of rat liver, heart, kidney cortex 
and brain and of guinea pig kidney cortex and 
brain were prepared with the Stadie slicer 
(10) with the usual precautions. Rat testis 
preparations were made by teasing apart the 
tubules, Rat diaphragm muscle was used as 
strips. Furacin crystals were dissolved in the 
buffer-substrate medium, the concentration 
adjusted to the desired level after spectro- 
photometric determination(11), and this 
drug-containing medium introduced into the 
experimental flasks at the start of the experi- 
ment, Control flasks containing the medium 
without added drug were set up concurrently 
for comparison in all cases. ‘Tissues and 
flask contents were chilled until all were pre- 
pared to facilitate simultaneous transfer to 
the Warburg bath, Substrate concentration is 
recorded in the individual graph or table for 
each experiment, Readings were taken at 
15-minute intervals and the results calculated 
as the appropriate Q values for the interval 
over a 1'%4- to 3-hour period, 

Results, ‘The effect of Furacin upon the 
endogenous metabolism of the selected tissues 


t Value at 1 hr 45 min, Exp, 


not continued for 2 hr, 


and upon the metabolism of the same tissues 
in the presence of added glucose is shown in 
Table I. It may be seen that there is rela- 
tively little difference between the endogenous 
metabolism of liver and kidney and the 
metabolism in the presence of added glucose, 
indicating presence of endogenous substrate in 
these tissues. A carry-over of substrate by 
diaphragm is also indicated. The dependence 
of brain and testis on added substrate is shown 
by the rapid decrease in Qos in the endo- 
genous study and the maintenance of Qos in 
the presence of added glucose. Marked in- 
terference in glucose metabolism of brain and 
testis and some interference with that of heart 
and diaphragm is noted in the presence of 
Furacin. Little or no interference by Furacin 
with the oxygen uptake by kidney or liver 
slices, either endogenous or in the presence of 
added glucose, is observed. 

Of the tissues used, brain slices appeared the 
most suitable for more extended studies for 
the following reasons: (a) the endogenous 
studies confirm the observations of previous 
workers(12) that relatively little stored sub- 
strate is present in this tissue. This simplifies 
the picture when various substrates are to be 
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PIG. 1. Effect of Furacin on oxygen upte ake of rat brain slives in various substrates, 
concentration = 140 mg pet liter « X 1O“M) except as noted in 


- control; 


studied. (b) the Qog is high and differences 
due to inhibition show up readily. (c) it was 
of interest to continue é vitro studies on brain 
since hyperirritability and convulsions were 
the most obvious symptoms observed after 
high oral doses of Furacin, 

The results of studies on the effect of 
various concentrations of Furacin on the 
metabolism of brain slices, using glucose as a 
substrate, are presented in Fig, 1. In this 
portion of the graph, the Qoy values are pre- 
sented in terms of per cent of control values 
rather than as absolute figures in order to 
compare directly the results from different ex- 
periments. Here it can be seen that the 
inhibition of oxygen uptake by Furacin de- 
creases with decreasing concentration of the 
drug, At the lower levels no inhibition occurs 
under the conditions of the experiment. The 
increase in Qoy observed at the lower concen- 
trations of Furacin and during the initial 
periods of the higher concentrations cannot be 
explained at this time, Similar effects have 
been observed with methadone * HCL (Ami- 
done) (13) and with sodium salicylate(14). 


In attempting to locate more definitely the 
site of action of Furacin on carbohydrate 
metabolism, the effect of the drug on the 
respiration of brain slices in the presence of 


Ruvacia 
the ghaease substrate, 
Paracin, 


various substrates was studied, The results 
are shown in Fig, 1. ‘The inhibiting effect of 
Furacin is most apparent in the metabolism 
of pyruvate and of lactate and least marked 
in the presence of succinate, The interference 
with pyruvate metabolism has also been cor. 
roborated by analytical Keto-acid determina- 
tions,’ The following substrates were also 
used but did not appear to increase the res- 
piration of rat brain stices above the endo- 
genous level: malate, fumarate, citrate, ace- 
tate, aspartate, and glycine, 

The effect of Furacin on the oxygen uptake 
of rat kidney cortex slices was determined 
under endogenous conditions and using gle 
cose, pyruvate, lactate, succinate, glutamate, 
aspartate, citrate, and acetate as substrates, 
In the order of substrates named the Qog 
values at the end of the I-hour period were 
as follows: 14.8 (endog.), 16.2, 184, 22.6, 
$0.4, 25,4, 20,9, 14,5, 20.5, The only medium 
in which significant Furacin inhibition oc: 
curred was pyruvate (Qoyg at L hr, == 75% 
of control and 60% at 2 hr), 

Anaerobic glycolysis of glucose as measured 
by CO, production from bicarbonate buifer 
was studied, using rat brain and testis and 
guinea pig brain and kidney cortex slices, 


Ny 
The control Qcog values observed at one hour 


558 


were as follows: rat brain 6.7, rat testis 6.3, 
guinea pig brain 10.7, guinea pig kidney cor- 
tex 5.4. In no case was any inhibition by 
Furacin observed. This has also been con- 
firmed by analytical determination of the 
lactic acid produced. 

Discussion. When glucose is used as a 
substrate with brain tissue, a rather long 
latent period (Fig. 1) occurs before the in- 
hibitory effect of Furacin is apparent. This 
probably cannot be ascribed to the failure of 
Furacin to penetrate cell walls since, with the 
same type of tissue preparation (slices), no 
such latent period occurs in the presence of 
the other substrates. No appreciable inter- 
ference by Furacin with anaerobic glycolysis in 
mammalian tissues has been found. It seems 
possible that the latent period in the presence 
of glucose may result from temporary regen- 
eration, during glycolysis, of accessory factors 
necessary for certain limited oxidative path- 
ways which may operate in the presence of 
Furacin. Balance studies using brain tissue 
with glucose as a substrate are in progress in 
this laboratory and the results of determina- 
tions of glucose disappearance and end- 
product appearance in the presence and ab- 
sence of Furacin should throw further light 
on the mechanism of Furacin action. 

The absence of inhibition in anaerobic gly- 
colysis and the effects on aerobic metabolism 
in the presence of various substrates suggest 
that the mechanism sensitive to Furacin in- 
hibition in the mammalian cell occurs in the 
aerobic utilization of pyruvate. The studies 
of Asnis and Gots(4) and of Green(2) on 
bacterial cells indicate interference by Furacin 
in the enzymatic dehydrogenation systems of 
bacteria involved in carbohydrate metabolism 
in both aerobic and anaerobic systems. 

The present metabolic studies indicate that 
mammalian tissues (brain, testis) which have 
shown gross manifestations or histological 
evidence of effects from high doses of Furacin 
in vivo are tissues which are dependent on 
carbohydrate substrates for maintenance of 
in vitro metabolism. Interference by Furacin 
with the glucose metabolism of these tissues 
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in vitro has been shown. It is suggested that 
the hyperirritability and convulsions produced 
by massive doses of Furacin as well as the 
changes in the testes may be related in a large 
measure to a depressed aerobic carbohydrate 
metabolism in the presence of the nitrofuran. 


Summary. Investigations were carried out 
to determine the effect of Furacin upon the 
metabolism of mammalian tissue slices using 
Warburg manometric technics. Inhibition by 
Furacin was observed in the utilization of 
glucose by brain, testis, diaphragm, and heart 
under aerobic conditions. No appreciable 
inhibition by Furacin was observed in the 
oxygen uptake of kidney or liver slices either . 
under endogenous conditions or with added — 
glucose. No inhibition of anaerobic glycolysis 
by Furacin was observed in brain, testis or 
kidney. Studies on the aerobic utilization of 
various substrates by brain and kidney slices 
point to the inhibition by Furacin as occurring 
in the aerobic utilization of pyruvate. 
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Decreased Resistance of Riboflavin-Deficient Rats to Cold Stress,” (19445) 


BENJAMIN H. Ersnorr, 


From the Emory W. Thurston Laboratories, Los Angeles, Calif, 


Considerable data are available indicating 
that resistance to cold stress may be signifi- 
cantly impaired in the nutritionally-deficient 
animal, Thus an impaired resistance to cold 
has been demonstrated in rats deficient in 
vit. A(1,2) and pyridoxine(3) and guinea 
pigs deficient in vit. C(4). In the present 
communication data are presented indicating 
that riboflavin deficiency also impairs adjust- 
ment to low environmental temperature in 
the rat. 

Procedure and results. Vive experimental 
rations were employed in the present investi- 
gation: diets A, B, C, D, and E. Diet A was 
a riboflavin-free ration of the following com- 


position: sucrose, 60%; casein,! 25%; salt 
mixture,t 5%; cottonseed oil (Wesson), 


10%; and the following synthetic vitamins 
per ke of diet: thiamine hydrochloride, 10 
mg; pyridoxine hydrochloride, 10 mg; cal- 
cium pantothenate, 60 mg; nicotinic acid, 60 
mg; ascorbic acid, 200 mg; biotin, 5 mg; folic 
acid, 10 mg; p-aminobenzoic acid, 400 meg; 
inositol, 800 mg; vit. By, 150 pg; 2-methyl- 
naphthoquinone, 10 mg; and choline chloride, 
22. To each kg of diet were also added 4000 
U.S.P. units of vit. AS and 400 U.S.P. units of 
vit. D.|| The vitamins were added in place of 
an equal amount of sucrose. Each rat also 
received once weekly a supplement of 4.5 mg 
alpha-tocopherol acetate. Diets B, C, D, and 


*This paper reports research undertaken in co- 
operation with the quartermaster Food and Con 
tainer Institute for the Armed Forces, and has been 
assigned No, 371 in the series of papers approved 
for publication, ‘The views or conclusions con 
tained in this report are those of the author, They 
are not to be construed as necessarily reflecting the 
views of indorsement of the Department of the 
Army. 

+ Vitamin Test Casein, 
Chagrin Falls, O, 

|} Hubbel, Mendel and Wakeman Salt Mixture, 
General Biochemicals, Chagrin Falls, O, 

§ Myva-Dry Powder, — Distillation 
Rochester, N. Y, 

|| HY-Dee Powder, Standard Brands, New York, 


General Biochemicals, 


Products, 


E were similar in composition to diet A, but 
contained in addition the following amounts 
of riboflavin per kg of diet: diet B, 0.5 mg; 
diet C, 1.5 mg; diet D, 10 mg; and diet E, 
50 mg, One hundred and eight female rats 
of the Long-Evans strain were selected for 
the present experiment at 23 to 28 days of age 
and an average weight of 58.4 g, Animals 
were kept in metal cages with raised screen 
bottoms to prevent access to feces and were 
fed the above diets ad libitum (diet A was fed 
to 28 rats; diet B to 22; the remaining groups 
consisted of 20 rats each), Diets were made 
up weekly and stored under refrigeration when 
not in use, Animals were fed on alternate 
days. All food not consumed 48 hours after 
feeding was discarded. ‘These measures were 
employed to minimize oxidative changes in 
the diet. After 3 weeks of feeding the follow- 
ing average body weights were obtained for 
rats in the various dietary groups: diet A, 
71,2 2: diet B, 115.8 g; diet C, 118 g; diet 
D, 143.2 g; and diet E, 144.5 g. At this 
time 25 of the 28 rats on diet A were depleted 
of riboflavin as judged by stationary or de- 
creasing body weight for a period of 7 days; 
all rats on diets B, C, D, and E were gaining 
weight, Animals in the various dietary groups 
were then divided into 2 series. Ten rats in 
each group were continued at standard labora- 
tory conditions (23°C); the remaining ani- 
mals in each group were placed in a walk-in 
refrigerator maintained at a temperature of 
2 + 1.5°C, No change was made in the 
diets fed, Feeding was continued ad libitum 
for an additional 8 weeks or until death, 
whichever occurred sooner. Results are sum- 
marized in Table I, 

Findings indicate that rats depleted of ribo- 
flavin failed to survive under conditions of 
low environmental temperature. One hundred 
per cent of the rats fed diet A died under cold 
room conditions with an average survival time 
of 7.6 days (range 2 hours to 17 days). Un- 
der room temperature conditions, however, 
60% of the rats fed a similar ration were still 
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TABLE I. Bifects of Graded Doses of Riboflavin en Growth and Survival of Rats Maintained 
Under Cold Room and Soom Seaperanets Conditions. 


Ribeflarin Change in Avg survival 
Dietary im ration, Ne. ef Thiftial bedy wtafter % sur time of deee- 
TERPS RE, ke of diet aamals hedy wt, ¢ Swk exp., ¢ viving* dents, days - 
Celd reom series 

A 0 316 716 — 0° 7.6 

B =) 32 116.6 5 ¢) 25 22 

Cc 1S 1a 220.9 35. (8) 80 22 

D 1 10 146.6 33.9 (10) 100 

E SQ 10 i442 32.4 (10) 100 

Reem temp. series 

A 0 10 7.5 -13.8 (6) 60 43 

B 5 10 1148 7.3 (40) 100 

© 15 10 151 Sf. 2 (10) 100 

D 318 10 1397 57.3 (20) 100 

E eu 10 1418 66.2 100 


Valees in parentheses indicate number of animals surviving on which averages are based. 


* Experimenial peried—36 days. 


alive § weeks after depletion. A dietary in- 
take of 0.5 mg riboflavin per kg of ration was 
insufficient to maintain survival under condi- 
tens of low environmental temperature. 
Seventy-five per cent of the rats fed this diet 
~ succumbed under cold room conditions with 
am average Survival time of 22 days (range 
15 to 33 days). At reom temperature con- 
ditions, however, this intake of riboflavin was 
saificient to Keep all rats alive and te promote 
a Slight increment in body weight. Higher 
levels of riboflavin (1.5, 10 and 50 mg per kg 
oi ration) permitted srowth and survival both 
under cold room and room temperature con- 
ditions. 

Discussion. Tt is well established that re- 
quirements for adrenal cortical hormones are 
markedly increased under conditions of low 
environmental temperature(5-7) and that ad- 
renalectomized or hypophysectomized rats fail 
to survive following prolenged exposure to 
cold. Adjustment to cold is also impaired by 
thyroidectomy($) or administration of thiou- 
racil(9). Resistance to cold may be restored 
in adrenalectomized rais by adminisiration of 
adrenal cortical hormone(s) and in thyroidec- 
tomized or thiouracil-fed rats by injection of 
thyroxin. Present findings indicate that re 
sistance to low environmental temperature 
(as judged by length of survival) was Sig- 
nificantly impaired in rats fed rations con- 
taining 0.5 mg of riboflavin per ke of diet 
or less. Since considerable impairment of 
adrenal cortical function may occur in the 


riboflavin-deficient rat(10)}, further studies 
are indicated to determine to what extent 
adrenal cortical (and possibly pituitary and 
thyroid) dysfunction may have contributed 
to the decreased resistance of rniboflavin-de- 
ficient rats noted above. Preliminary findings 


indicate that neither cortisone acetate! (ad-- 


ministered at a level of 2.5 mg per day intra- 
peritoneally) nor thyroxin (administered at a 
level of 30 » per day intraperitoneally) were 
effective in prolonging the survival of mbo- 


flavin-deficient rats under conditions of low 


environmental temperature. 
Results of the present experiment indicate 


‘that a state of nutriture which may be ade- 


quate under standard laboratory conditions 
may be inadequate under conditions of cold 
stress. Thus riboflavin when administered at 
a level of 0.5 mg per kg of diet was insufficient 
to maintain life and body weight under con- 
ditions of low environmental temperature, 
whereas this level was sufficient to keep all 
rats alive and to promote a slight increment 
in body weight under room temperature con- 
ditions. It is possible, since food intake was 
reduced in the riboflavin-deficient rats, that 
the impaired adjustment of riboflavin-defi- 
cient rats to cold stress was due, at least in 


part, not to riboflavin malnutriture per se but. 


the attendant reduction in caloric intake. 
Further experiments are indicated to deter- 


{ The cortisone acefate was Kindly provided by Dr. 
R. A. Peterman of Merck and Co., Rahway, N. J. 
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mine to what extent this factor may have con- 
tributed to the observed results. 


Summary. Experiments were conducted on 
the effects of graded doses of riboflavin on the 
growth and survival of rats maintained under 
cold room and room temperature conditions. 
Weanling rats were fed for 3 weeks on diets 
containing 0, 0.5, 1.5, 10, and 50 mg of ribo- 
flavin per kg of diet. After 3 weeks of feeding 
(at which time rats on the riboflavin-free diet 
had plateaued in weight) animals were divided 
into 2 groups. One group was placed in a cold 
room maintained at 2°C; the other was main- 
tained at room temperature (23°C). Adjust- 
ment to cold (as measured by length of sur- 
vival) was significantly impaired in rats fed 
diets containing 0.5 mg of riboflavin per kg of 
diet or less. 
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Presence of Bacteria in the Spleen of Pteroylglutamic Acid Depleted Rats. 
(19446) 


Conrapo F. Asenjo, Maria L. QUINTANA, AND A. PoMALEs LEBRON. 


From the Departments of Biochemistry and Nutrition and of Microbiology, School of Medicine 
and of Tropical Medicine, University of .Puerto Rico, San Juan, P. R* 


Gross lesions, infarct like in nature, were 
reported by Asenjo(1) to develop in the 
spleens of a considerable number of pteroyl- 
glutamic acid (PGA) depleted rats receiving 
a basal PGA deficient diet containing either 
succinylsulfathiazole (SST) or x-methyl-folic 
acid as inhibitor. Later Philips and Thiersch 
(2) studied the action of 4 amino-pteroylglu- 
tamic acid on rats and observed, in 5% of the 
animals receiving this compound by chronic 
administration, the appearance of intestinal 
lesions through which an ascending Salmonella 
infection took place. As a result of this bac- 
terial invasion enlargement of the mesenteric 
lymph nodes, abscess formation, multiple 
fibrinoid necrosis in liver, spleen, kidney, and 
lung, bronchitis and bronchopneumonia oc- 
curred. 

The above findings have led us to search 
for bacteria in the gross splenic lesions ob- 


* Project sponsored by the Agric. Exp. Station of 
the University of Puerto Rico. 


tained in PGA depleted rats receiving SST 
as inhibitor. 

Experimental. Thirteen 21-day-old Wistar 
albino rats from our colony were kept in cages 
with raised wire floors. The basal purified 
diet free of PGA, fed ad libitum, had the fol- 
lowing composition per kg: sucrose, 599 g; 
vitamin-free casein, 180 g; salt mixture, 40 g; 
cellu flour, 40 g; hydrogenated vegetable oil, 
100 g; corn oil, 20 g (containing 52,000 I.U. 
vit. A, 13,000 I.U. vit. D, and 32 mg «-toco- 
pherol); succinylsulfathiazole, 20 g; choline 
chloride, 1 g; inositol, 8 mg; nicotinic acid, 
40 mg; calcium pantothenate, 44 mg; thia- 
mine hydrochloride, 8 mg; riboflavin, 16 mg; 
pyridoxine hydrochloride, 8 mg; p-aminoben- 
zoic acid, 4 mg; biotin,t 0.5 mg; 2-methyl- 
1,4-naphthoquinone, 10 mg. The depletion 
period ranged from 3 to 4 weeks. By the end 
of the fourth week the majority of the animals 


t Biotin supplied by Hoffmann-La Roche, courtesy 
of Dr. E. Sevringhaus. 
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had reached a weight plateau and a white cell 
count of 3,000 to 4,000 cells per mm?. Some 
of them received from that time until they 
died, or were sacrificed, suboptimal levels of 
PGA (not over 0.5 »g PGA per day) others 
were left on the basal diet only. Those ani- 
mals that died were autopsied within an hour 
after death. The large majority of the ani- 
mals, however, were sacrificed after they were 
for 8 weeks on the basal diet, by injecting air 
into the heart. The spleens were removed 
under aseptic conditions. In addition, 6 in- 
farcted spleens preserved in museum fluid 
were also examined by dissecting out the ne- 
crotic areas and preparing smears from them. 

Results. Of the 13 rats depleted of PGA, 
3 showed severe gross lesions in the spleen, 
4 had spleens with doubtful lesions, and 6 had 
apparently normal spleens. All the spleens 
were small in size. 

Gram stains of the necrotic areas of the 
infarcted spleens showed either a large num- 
ber of gram positive or gram negative cocci 
and diplococci or slightly pleomorphic diph- 
theroid gram positive rods. Only one of the 
doubtful spleens showed bacteria in the direct 
smear, a small number of gram positive 
bacilli. In the rest of the doubtful, as well 
as in all the normal spleens, the smears were 
negative for bacteria. 

Blood agar and thioglycollate broth cultures 
from the infarcted spleens developed abun- 
dant growth of irregularly staining pleomor- 
phic diphtheroid forms, gram positive or gram 
negative cocci or gram negative coli-like rods. 
One of the gram negative bacilli was Escheri- 
chia coli, the others were not identified. 

Two of the doubtful spleens yielded a 
scanty growth of bacteria. In one case, a 
non-hemolytic group D streptococci, and in 
the other, of an organism belonging to the 
proteus group. 

Cultures of material from the apparently 
normal spleens from PGA deficient rats de- 
veloped only in two instances scanty growth 
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of bacteria: a gram negative unidentified 
bacillus of coliform morphology, and a 
slightly pigmented Micrococcus aureus. 


Direct smears made by dissecting out the 
necrotic areas of 6 infarcted spleens preserved 
in museum fluid further confirmed the pres- 
ence of massive amounts of bacteria in the 
necrotic tissue. These areas were found to be 
loaded with pleomorphic diphtheroid bacilli, 
gram negative bacilli of coli-like morphology 
or gram positive cocci, 

It is interesting to point out that in a series 
of 541 PGA depleted rats examined post 
mortem by one of us(3), the incidence of. 
gross splenic lesions was 48%, of gross liver 
lesions 18%, and of gross lesions in other 
organs 9%. An almost general finding in 
these animals was a yellowish distended in- 
testine. In 227 animals in which the tongue 
was examined, 45% showed the typical lesion 
observed in PGA deficient rats by Franklin 
et al.(4). 

Apparently some of the rats studied suf- 
fered from an endogenous infection in which 
the mouth and intestine probably served as 
the main portal of entry. This conclusion is 
based on the fact that the bacteria which were 
encountered in the splenic lesions were of the 
types usually found in the alimentary canal. 

Summary and conclusions. The necrotic 
areas in the splenic lesions observed in PGA 
deficient rats receiving orally SST as inhibitor, 
were largely made up of bacteria of the type 
found mainly in the alimentary canal, which 
suggest that the mouth and intestine were 
probably the main portal of entry for these 
organisms. 
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Pyrazinoic Acid Amide—An Agent Active Against Experimental Murine 


Tuberculosis. 


(19447) 


M. Sorotorovsky, F. J. Grecory, E. J. Ronson, E. J. BucIE, R. C. O'NEILL, AND 


K. PFISTER, 3RD. 


(Introduced by Hans Molitor.) 


(With the technical assistance of T. H. Wombolt.) 


From Merck Institute for Therapeutic Research and Research Laboratories, Merck and Co., 
Rahway, N. J. 


The antituberculosis efficacy of niacinamide 
was first described by Chorine(1). He found 
that doses of 500 to 1000 mg per kg adminis- 
tered subcutaneously produced retardation of 
experimental tuberculosis in guinea pigs. This 
effect was later rediscovered by McKenzie 
et al.(2), who reported that a concentration 
of 0.75% niacinamide in diet prevented the 
progress of tuberculosis infection in mice. 
Kushner e¢ al.(3) then studied the activity 
of a series of 30 derivatives covering substitu- 
tion in the acid amide group and the ring 
structure. A number of amide nitrogen sub- 
stituted derivatives were found active but 
inferior to niacinamide. Isosteres of niacin- 
amide were not mentioned in this report. 
Studies by Fox(4) also confirmed the in vivo 
activity of niacinamide and added additional 
compounds to the series of inactive niacin- 
amide-like compounds. At the Eleventh Con- 
ference on Chemotherapy of Tuberculosis, 
sponsored by the Veterans Administration, 
Stic Louis; any, 17;, 1952, S- Kushner of 
Lederle, R. L. Yeager, W. G. C. Munroe and 
F. I. Desseau from Summit Park Hospital 
and W. S. Schwartz from Oteen, a facility of 
the Veterans Administration, announced that 
pyrazinoic acid amide (Aldinamide) was ac- 
tive against experimental tuberculosis in the 
mouse and against clinical infection in man 


(5). 


Studying niacinamide isosteres, we have - 


likewise found that pyrazinoic acid amide is 
more active than niacinamide or para amino- 
salicylic acid when administered as com- 
ponents in diet. 

Materials and Methods. The H37Rv strain 


of M ycobacterium tuberculosis, human type, 


was used in these studies. It was maintained 
by weekly serial passage in Dubos’ Tween- 
Albumin medium containing 0.03% Tween 
80 and virulence of strain was preserved by 


passage through mice after five transfers in 
culture medium. Barckmann IS-32 white 
mice weighing 14 to 19 g were injected intra- 
venously with 0.25 ml of culture suspension 
adjusted with sterile distilled water to permit 
70% transmission of light at 620 mp.* Treat- 
ment was begun on the day following infec- 
tion. For subcutaneous administration, test 
compounds were dissolved in sterile distilled 
water at concentrations containing daily doses 
per mouse in 0.25 ml of solution. Compounds 
given by subcutaneous route were adminis- 
tered once daily 5 days per week. For adminis- 
tration in diet the compounds were ground and 
incorporated into a stock diett presented ad 
libitum, Experiments were continued until at 
least 50% of infected untreated animals died. 
Mice dying during the course of the experi- 
ment as well as those surviving at the end 
of test period were autopsied and lungs were 
preserved in 10% formalin. After a minimum 
of 48 hours of fixation the lungs were observed 
for the extent of gross tuberculosis involve- 
ment. The degree of involvement was graded 
as O for no visible involvement, 1+- (to 10% 
of lung tissue, grossly involved), 2+ (10 to 
25% gross involvement) 3+ (25 to 50% 
gross involvement) and 4+ (more than 50% 


* On a Coleman photoelectric spectrophotometer, 
Model 6A. 


% 
t+ Yellow. corn meal 31 
Whole wheat flour 30 
Casein, technical 10 
Soy bean meal 10 
Linseed oil meal 7 
Yeast dried brewers 5) 
Alfalfa meal 2 
NaCl 0.5 
CaCO. 0.5 
Mazola oil 3 
Cod liver oil 1 


10 mg. vit. By /kg. 
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involvement). Extensive experience has 
shown that gross scores correspond closely 
with values obtained by histological examina- 
tion. Jn viire efficacy tests were performed 
both with Dubos’ Tween-albumin medium 
and Youmans’ modification of Proskauer and 
Beck medium. Concentrated solutions of 
pyrazinoic acid amide were sterilized by 
filtration through Seitz EK pads and added 
aseptically to the test medium to yield final 
concentrations to 1000 y/ml. The tubes were 
imoculated with 0.1 ml of culture in Dubos 
medium adjusted to permit 909 transmission 
of Hisht at 620 mx and inspected for growth 
after 14 days of incubation at 37°C. For 
studying development of resistance, standard- 
ized culture suspension was added to a series 
of imbes containing 40 to 400 » of pyrazinoic 
acid amide per ml of medium. After 2 weeks 
incubation, culture from the tube with a 
turbidity of approximately 90% transmission 
was transferred to a fresh series of tubes con- 
taining higher concentrations of compound. 
This procedure was continued at 2-week inter- 
vals. 

Experimental. 1) Comparison of pyrazinoic 
ecid amide with miacinamide. In a typical 
experiment to determine efficacy im diet, the 
compounds were tested at 0.1. 0.5 and 1.0% 
concentrations using groups of $ mice each. 
Pyrazinoic acid amide at 1 and 0.5% concen- 


tration gave a score of .0 and at .1% the score 


was Q. Niacinamide gave a score of 1.4 at 
1%, 2.5 at 0.5% and 37 at 0.1%. Thus 
pytazinoic acid amide produced complete sup- 
pression of visible tuberculosis lesions at levels 
where niacinamide treated mice showed mini- 
mal to moderate imvolvement. The com- 
pounds did not significantly influence accepta- 
bility of the diet and the weights of mice 
treated with effective levels of compound were 
similar to these of normal controls. Pyra- 
simeic acta amide was also superior to niacin- 
amide when the compounds were administered 
by subcutaneous injection. The compounds 
were fesied at doses of 20, 10 and 5 mg per 
day administered 5 days per week. Both 
compounds gave scores of less than 0.5 at 
20 mg. At the 10 mg level, pyrazimoic acid 
amide continued to give a score of less than 
Q.5 but niacinamide gave a score of 1.2. At 


TABLE I. Comparison of Pyrazinoie Acid Amide 
with Para-Aminosalicylie Acid, Administration by 
Subeutaneous Route. 


Lung seore 
Dose, mg/ pyrazinoice Para-amino- 
mouse/day acid amide salieyhe acid 


Trial 1. Infeetion of high virulence (avg survival 
time, 20 days) 


I 3.3 3.2 
2 15 a 
3 1.6 i | 

5 6 & 


Lung seore of infected controls—3.7 


Trial 2. Infection of low virulence (avg survival 
time, 33 days) 
o Bes - 4 
2 3.6 4 
2 31 39 
= 11 = 


Lang score of infected controls—3.6 


a level of 5 mg niacinamide was ineffective but 
Ppyrazinoic acid amide gave a score of 2. 

2) Comparison of pyrazinoic acid amide 
with para-aminosalicylic acid. 
acid amide and para-aminosalicylic acid were 
compared for efficacy as components in diet 
and by parenteral administration. 

A) For comparison by parenteral route 2 
trials are presented in Table I. In the first, 
pytazinoic acid amide and para-aminosalicylic 
acid were administered subcutaneously in 
doses of 1. 2. 3, and 5 mg per mouse per day. 
Groups of 8 mice each were used. Both com- 
pounds demonstrated slight efficacy at 2 and 
3 mg and good efficacy at 5 mg. On actual 
score basis, para-aminosalicylic acid showed 
slightly higher activity than pyrazinoic acid 
amide but the difference, approximately 20%, 
does not appear highly significant. In a sec- 
ond trial using similar doses and groups of 
eight mice, but testing with a culture of lower 
virulence. pyrazinoic acid amide was superior 
to para-aminosalicylic acid. Para-amino- 
salicylic acid was ineffective at all levels up 
to 4 mg per mouse per day whereas pyrazinoic 
acid amide showed slight efficacy at doses of 


3 mg and good efficacy at 4 mg. The superi-_ 


ority of pyrazinoic acid amide when tested 
against infection characterized by longer aver- 
age survival time was also observed when the 
compounds were administered as components 
of diet. 


Pyrazinoic 


ne 


> 


= 
2 
Z 
r ¥ 
= 
— 
=. 


_ TABLE II. Comparison of Pyrazinoic Acid Amide 


with Para-Aminosalicylic Acid, Administration of 
Compounds in Diet. 

—————— 

7—Gross lung scores—, 

%in Undiluted 107 dilution 


Compound diet inoculum inoculum 
A: 2 3.9 
Pyrazinoic acid a) Bi S B 
amide 1 i 
2 
a. 2.6 3.2 
Para-amino- a3 12 33 
salicylic acid ee aA 19 
2 


es * 
Qo 


Infected controls 4 


B) For comparison by diet method a trial 
is presented in which both drugs were tested 
in mice infected with standardized suspension 
of a highly virulent sub-culture of strain 
H37Rv and a 10-fold dilution of the standard- 
ized suspension. Drug diet concentrations of 
0.1, 0.5, 1 and 2% were given to groups of 
8 mice. The average survival time was 14 
days for infected controls inoculated with the 
undiluted culture suspension and 33 days for 
infected controls inoculated with diluted cul- 
ture suspension. The lung scores are shown 
in Table II. As was observed with administra- 
tion of the drug by parenteral route, the rela- 
tive activity of pyrazinoic acid amide as com- 
pared with para-aminosalicylic acid when ad- 
ministered in a drug diet mixture was greater 
in the animals subjected to the slower infec- 
tion. While a superiority of pyrazinoic acid 
amide was evident with the undiluted sus- 
pension, this compound showed significantly 
higher activity against infection produced with 
the diluted. culture suspension. Also, the 


‘relative efficacy attained with pyrazinoic acid 


amide increased with rising concentration of 
drug in the diet. 
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Pyrazinoic acid amide did not show a high 
degree of in vitro activity. The inhibiting 
concentration was 150 +/ml in Dubos’ 
medium and 120 7/ml in Youmans medium. 
Resistance studies were periormed with Du- 
bos’ Tween-Albumin medium. The inhibi- 
tory concentration rose from 150 y/ml to 
more than 1000 +/ml after 3 seria] transfers. 

Conclusions. 1. These data contribute to 
the importance of niacinamide derivatives as 
a new class of antituberculosis agents. One 
of these, pyrazinoic acid amide, is active when 
administered by parenteral or oral route. 
Under suitable experimental conditions. pyra- 
zinoic acid amide is more active than para- 
aminosalicylic acid; the activity of pyrazinoic 
acid amide as compared with para-amino- 
salicylic acid increases when the average sur- 
vival time for infected controls is prolonged. 
2. The in vitro inhibitory concentration for 
M. tuberculosis, human type, strain H37Ryv, 
tested in Dubos’ Tween-Albumin medium. is 
150-/ml. Resistance develops rapidly in vitro; 
the inhibitory concentration rises to more than 
1000 +/ml after 3 serial bi-weekly transfers. 
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Quantitative Distribution of Phosphorus in Chorioallantoic Membrane 


as Affected by Infection with Influenza Virus.* 


(Introduced by M, D. Eaton.) 


Zanvit A, Conn, 


(19448) 


From the Department ef Bacteriology and Immunology, Harvard Medical School, 


In recent years interest has been focused 
en the chemical changes occurring in host 
tissues as a result of virus infection, Demon- 
stration of chemical changes occurring in the 
host should make possible a more detailed 
study on the intermediate mechanisms of in- 
fection, This paper is a preliminary report 
dealing with the quantitative distribution of 
various phosphorus fractions in the chorio- 
allantoic membrane as affected by infection 
with the PR-S strain of Influenza virus. 

The multiplicity of organs and tissues 
present in the intact animal or embryonated 
egg make studies of this nature difficult and 
equivocal, The de-embryonated egg(1), with 
its isolated chorioallantoic membrane, was de- 
cided upon in an attempt to utilize a rela- 
tively more homogeneous cell population. 
Although this is essentially a tissue culture 
system, high titers of influenza virus can still 
be consistently produced in 24 hours, with 
little grass pathology evident in the mem- 
brane, 

Materiel end methods. Eggs of 15 days 
incubation were de-embryonated and the ad- 
herent chorieallantoic membrane carefully 
washed with four 15 ml rinses of cold isotonic 
saline. The de-embryonated eggs were then 
partly filled with 10 ml of Hanks’ solution(2), 
containing 10 units of penicillin and 40 zg of 
streptomycin per ml, In the virus experiments 
allantoic fluids from eggs infected with the 
PRS strain of influenza A were diluted a 100- 
fold in the Hanks’ solution which was added 
to each egg. These diluted fluids contained 
approximately 10 hemagglutinating units per 
ml. The eggs were capped and rolled (1 rpm) 
at 37°C. After varying intervals of incuba- 
tien, the membranes of 2 eggs were removed 
fram the shell, pooled, blotted in a constant 
fashion, and minced with fine scissors. The 
mince was then transferred to a tared 15 ml 


* ThA werk was supported in part by grants from 
the Rockefeller Foundation and the National Insti- 
tutes of Health, U.S. Public Health Service. 


centrifuge tube and weighed on a chainomatic 
balance. This 2-membrane-pool then served 
as the material for subsequent analysis. 
Hemagglutination determinations were made 
on the suspending fluids at time of harvesting, 
according to the method of Salk(3). For the 
measurement of the phosphorus fractions the 
extraction procedure was the Schmidt and 
Thannhauser method(4), modified in that 
small amounts of tissue were used, and tissue 
residues were centrifuged. Phosphoprotein 
phosphorus was separated by the Delory(5) 
procedure, Aliquots of the various fractions 
were analyzed for total phosphorus by the 
method of Fiske and Subbarow(6). 


Results. Table I includes the averages of 
the results of 5 experiments designed to show 
changes in the phosphorus content of the iso- 
lated chorioallantoic membrane after 12 and 
24 hours incubation, both with and without 
virus. The slight difference in the nucleic 
acid fractions between the infected and nor- 
mal membranes at 24 hours are not significant 
with the number of experiments completed. 
The striking decreases in the phosphorus con- 
tent of the phospholipid fraction of the in- 
fected tissue seemed important enough so that 
further experiments were done at other inter- 
vals of infection. 

Table II shows the values of phospholipid 
phosphorus for infected and noninfected mem- 
branes. In each case the value given is the 
average of 5 determinations. A rapid decrease 
in the phospholipid phosphorus occurred dur- 
ing the first 12 hours of infection. The great 
variations in the values for the 8-hour deter- 
mination suggest a rapid flux at this period, 
Fig. 1 shows the relationship between the de- 
crease in the phospholipid phosphorus and the 
rise in hemagglutinin titer. 

Semi-quantitative determinations were per- 
formed on the fluid medium from the infected 
de-embryonated eggs in an effort to account 
for the phospholipid which disappeared from 
the membrane. The medium was dehydrated 
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TABLE I. Concentration of Phosphorus Fractions in Infected and Non-Infected Chorioallantoic 
Membranes at 12 and 24 Hr of Incubation. 


y P/500 mg tissue 
12 hr incubation 


vy P/500 mg tissue 
24 hr incubation 


Fraction No virus Virus No virus Virus 
Total acid soluble 820 826 834 821 
Lipid phosphorus 320 109 326 120 
Total acid insoluble 376 384 B80 410 
Desoxyribonucleic acid 162 158 160 180 
Ribonucleic acid 216 224 220 240 
RNA/DNA ratio 1.41 1,38 1,38 


TABLE II. Effect of Virus Multiplication on 
Phospholipid Phosphorus Content of Infected and 
Non-Infected Membranes. 


Phospholipid concentration, 


Incubation vy P/300 mg tissue 


time, hr Non-infected Infected 
0 327 + 16.3* 320 + 19.2 
8 324 + 12.9 191 + 28.7 
12 334 + 20 110: 5.5 
16 326 + 14.7 126+ 8.82 
20 320 + 18.4 lL Ps A 
24 325 + 15.1 120+ 6 
36 S309 4 9.2 1144+ 5.1 
| Ea? 
* Stand. dey. == / : 
Vo NEL 


in vacuo, and phospholipid was extracted ac- 
cording to the Schmidt-Thannhauser (4) 
method after the initial extraction with 
aqueous trichloracetic acid. The lipid extract 
- was analyzed for phosphorus. The results 
indicate that at least 50-60% of the phos- 
phorus liberated by action of the virus in the 
membrane remains lipid-bound in the medium. 
Another group of experiments was_per- 
formed, in which 5 pe of P** was added per 
egg. The membranes were minced and ex- 
tracted in the standard manner, and both P*! 
analysis and P®* counts were done on each 
fraction. There was a marked increase in the 
specific activity of the phospholipid fraction, 
as shown in Table III. The RNA values 
showed increases in activity in the infected 
group, but this cannot be considered too sig- 
nificant, since small and variable amounts of 
contamination by phosphoprotein phosphorus 
would considerably alter the values. 
Discussion. With the procedures utilized, 
the nucleic acid phosphorus concentrations 
following infection were not significantly al- 
tered during the time periods studied. The 


1,33 


rapid decreases in phospholipid phosphorus, 
and the presence of considerable quantities of 
lipid-bound phosphorus in. the culture me- 
dium, suggest that phospholipid molecules as 
such or in combination with other cellular 
constituents are liberated from a cell infected 
with the influenza virus. Since not all of the 
liberated phosphorus could be accounted for 
in the culture medium as lipid-bound phos- 
phorus, it may be that some is liberated in the 
form of inorganic phosphorus. 

The increased uptake of P®* into the phos- 
pholipid fraction following infection may be 
explained either by increased phospholipid 
synthesis, or possibly as a result of a phos- 
phoroclastic type of reaction. 

It would be of utmost importance if one 
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FIG. 1. Relation between decrease in phospholipid 
content and rise in hemagglutination titer, 


36 «39 


TABLE UT Eifects of Virus Maltipiicatia& on 
Relative Specific Activity of Phospheres Fractions 
at 24 Hr Trenbation, 


Relative specific activity* 


ae ae A 

Praction Neon-infeeted ~— Infeeted 
Phospholipid 3.5 5.86 
Desaxyribornelei¢ acid 5 8T 
Riberrelete acid 3.60 4.20 


* Rel. pee, activity—Speeitie activity (counts/ 
minute/ag of P™) of each fraction as % af specific 
activity ef Imerganie P fraction. 


could ascertain the site of the reacting phos- 
pholipid in the cell, It has been shown by 
Friedkin(7) that mitochondria, which contain 
large amounts of phospholipids, take up P™ 
and incorporate it into their phospholipid 
fraction. In view of Friedkin’s work, it is an 
interesting consideration that the observed 
changes in P™ uptake of infected tissue may 
eccur in the mitochondria. 

Since it is also known that considerable 
phospholipid is found in cell membranes, 
there may be a relation between phospholipid 
liberation and the penetration of the virus 
particle inte the cell. The work of Howe(8) 
who found large amounts of the red cell re- 
ceptor in a stroma complex rich in phospho- 
lipid, seems pertinent. 

Because it has been shown(®) that large 
differences in the proportion between the 
hemagglutinating and infectious properties of 
influenza virus may occur in de-embryonated 


LACK oF DX TSREERENCE WITH PENICILLIN 


eggs, nothing can as yet be postulated con- 
cerning these findings and the infectious form 
of the virus, 


Summary. It has been shown that infec- 
tion of the chorioallantoic membrane by the 
PR-S strain of influenza virus results in: 
1. The decrease in the phospholipid phos- 
phorus concentration of the membrane; 2. The 
presence of large amounts of lipid-bound 
phosphorus in the fluid medium; and 3. A 
more rapid uptake of P®* into the membrane. 


The author wishes to express his sincere gratitude 
te Dr. Boris Magasanik for his assistance in the 
course of this werk, and to Dr. A. K. Solomon for 


his help in the procurement and analysis of the radio. 


active materials. 
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Streptococeal Infection in Mice. 


Janess J. Anern, Jaws M. Burney 
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Frem the Department of Medicine, University ef Waskingten Schkoel of Medicine, Seatile, Wash. 


Considerable interest has been shown in the 
recent demonstration by Jawetz and co- 
workers that aureomycin, terramycin, and 
chloramphenicol interfere with the early bac- 
tericidal action of penicillin(1-6). When any 
of the 3 antibiotics was combined with peni- 
cillin ie vifre, susceptible organisms were de- 
stroyed more slowly than when exposed to 


penicillin alone. Interference also occurred 
in mice infected with group A streptococci; 
animals that received both chloramphenicol 
and penicillin had a higher mortality rate than’ 
those treated with penicillin alone. Effective 
blood levels were present for less than 3 
hours, however, so that death or survival of 
the animals depended upon brief antibiotic 


PERCENT DEATHS 


action. In other words, the animal experi- 
ments reflect the interference of chlorampheni- 
col with the early action of penicillin. 


Although the combination killed organisms 
more slowly im vitro, Jawetz also noted that 
the bactericidal action continued progressively 
until, in many instances, the cultures were 
sterile(4). This progressive killing action of 
the combinations did not play a role in the 
mouse experiments because of the short dura- 
tion of antibiotic blood levels. However, in 
patients treated with antibiotics, effective 
levels are present in body fluids for prolonged 
periods. It seemed desirable, therefore, to 
repeat Jawetz’s in vivo experiments under 
conditions that would provide more sustained 
antibiotic levels. 


Materials and methods. Preliminary stud- 
ies. Three experiments were done under the 
exact conditions outlined by Jawetz. Mice 
were infected with group A streptococci, and 
shortly afterward treated with a single injec- 
tion of penicillin, chloramphenicol, or both 
antibiotics. In every case the mortality rate 
of the animals that received both antibiotics 
was significantly higher than that of those 
getting only penicillin. The results were 
clear-cut, and it was not felt necessary to 
pursue these confirmatory studies further. 
Inoculum. A Group A streptococcus was 
passed through mice twice weekly to maintain 
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FIG. 1. Lack of interference of chloramphenicol with penicillin when treatment was continued 
for 3 days. Intramuscular injection of 25 units of procaine G penicillin twice daily, and 600 pg 
of chloramphenicol 3 times daily, 


virulence. An overnight culture was diluted 
to 10% in broth, and each animal was given 
0.2 cc intraperitoneally. Plate counts re- 
vealed that this infecting dose contained ap- 
proximately 5,000 organisms, and produced a 
consistently high mortality rate in control 
animals. Antibiotics. Chloramphenicol was 
dissolved in sterile 0.85% saline in concentra- 
tions of 1.0 to 6.0 mg/cc, dispensed in sterile 
tubes, and stored at —20°C, It was neces- 
sary to warm mixtures containing more than 
2.5 mg/cc to obtain complete solution, and 
these solutions usually remained supersatu- 
rated when thawed. If not, they were warmed 
again. Penicillin was administered as pro- 
caine penicillin G in peanut oil gelled with 
2% aluminum monostearate in concentrations 
ranging from 125 to 500 units/cc.* 
Procedure. ‘The antibiotics were given in a 
constant volume of 0,1 cc, and were adminis- 
tered intramuscularly in some experiments 
and subcutaneously in others. It was found 
that somewhat smaller amounts of- antibiotics 
were needed if the subcutaneous route was 
used. The animals treated with both chlor- 
amphenicol and penicillin received the 2 in- 
jections within a few seconds of one another, 
but at different sites. Those receiving only 
one antibiotic were given simultaneous injec- 


* We are indebted to the Bristol Laboratories for 
the penicillia preparations. 
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tions of sterile saline. The control animals 
were given no injections other than the 
original intraperitoneal inoculum. The chlor- 
amphenicol was injected 3 times each day at 
9 am. 3 pm., and 9 p.m. Penicillin was 
given simultaneously 3 times daily in 4 ex- 
periments, and in the other 8 penicillin was 
given only twice each day, at 9 a.m., and 9 
p.m. Therapy was instituted one to 2% 
hours after infection, and was continued for 
either 2 or 3 days. Deaths were recorded for 
5 to 10 days following therapy. Autopsies 
were performed on some of the animals as they 
died, and pure cultures of beta hemolytic 
streptococci were invariably obtained from 
the heart’s blood. Twelve experiments were 
performed in all. 

Results.. The control animals were usually 
dead within 72 hours. Surprisingly, an occa- 
sional animal remained entirely well. The 
results of a typical experiment are presented 
in Fig. 1. In this instance penicillin alone, 
and chloramphenicol alone, each protected 
40% of the animals. When both antibiotics 
were given, the survival rate was also 40%, 
i.e., there was neither synergism nor an- 
tagonism. 

When chloramphenicol was less effective 
than penicillin, the mortality with the com- 
bination was approximately the same.as with 
penicillin alone. This was observed when the 
amounts of antibiotics employed protected 


relatively few animals (Fig. 2), and also when 
highly effective amounts were used. In 
the other 10 experiments the results were 
essentially the same as those described. At no 
time was antagonism demonstrated. 

Comment. Jawetz’s observation of the in- 
terference of chloramphenicol with penicillin 
in vivo has been confirmed in the present 
studies. There was a higher mortality rate 
among mice treated with a single aqueous 
injection of both chloramphenicol and peni- 
cillin than when penicillin was administered 
alone. However, when significant blood levels 
of chloramphenicol and penicillin were main- 
tained for 2 or 3 days, interference was not 
demonstrable. 

The explanation for these divergent results 
undoubtedly lies in the im vitro observation 
that although the early killing action of peni- 
cillin is antagonized by chloramphenicol, there 
is a progressive bactericidal action with the 
combination which often results in eventual 
sterilization of the cultures(4). Thus, when 
mice were exposed to both antibiotics for only 
2 or 3 hours, fewer organisms were destroyed 
than with penicillin alone, and the mortality 
rate was higher. On the other hand, when 
both antibiotics were present in tissues for 2 
or 3 days, there was a progressive bactericidal 
action and, in addition, time was allowed for 
effective phagocytosis to occur. 

Interference of any of the newer antibiotics 
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with penicillin appears to be of importance 
only when recovery is dependent upon the 
early, rapid killing action of penicillin. A 
recent report of apparent interference of 
_ aureomycin with penicillin in pneumococcal 
meningitis is therefore of great interest(7). 
This is a condition which, untreated, is asso- 
ciated with a high mortality rate, and in which 
phagocytosis is relatively ineffective(8). 

The importance of the interference of the 
newer antibiotics with the early killing action 
_of penicillin can be determined only by exten- 
sive clinical studies. However, on the basis 
of the present experiments and the evidence 
cited above, it is our impression that there are 
probably few clinical conditions in which the 
phenomenon is of practical importance. 

Summary. 1. Mice were infected with 
group A streptococci and treated with chlor- 
amphenicol and penicillin, separately and in 
combination. Jawetz’s observation that chlor- 
amphenicol interfered with penicillin when 
animals were given a single aqueous injection 
of beth antibiotics was confirmed. 2. The 
interference was not demonstrable, however, 
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when antibiotic blood levels were maintained 
for 2 or 3 days. Thus, despite early inter- 
ference, the combination caused a progressive 
bactericidal action which, in conjunction with 
phagocytosis, protected the mice as well as 
penicillin alone. 3. These experiments imply 
that the phenomenon of antibiotic interference 
is seldom of clinical significance. 
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Inhibition of Mouse Encephalomyelitis Virus, in vitro, by Certain 


Nucleoprotein Derivatives.* 


(19450) 


DONALD W. Visser, Dorotuy L. LAGERBORG, AND HAROoLp E. PEARSON. 


From the Biochemistry and Microbiology Departments, University of Southern California School 
of Medicine and the Los Angeles County Hospital, Los Angeles. 


Previous work showed that various sub- 
stances including heavy metals, enzyme in- 
hibitors such as dinitrophenol, cyanide, azide 
and iodoacetate as well as certain amino 
acids and analogues inhibit the propagation of 
Theiler’s GDVII strain of murine encephalo- 
myelitis virus in tissue cultures of minced 
one-day-old mouse brain(1-3). The present 
report givés the results of tests with certain 
purines, pyrimidines and substituted pyri- 


* Aided by research grants from the National Cancer 
Institute of the National Institutes of Health and 
from the Research Corporation. 

Presented, in part, before the Am. Assn. of Im- 
munologists, New York, April, 1952. 


midine nucleosides(4-6). Preliminary data 
have been presented in part elsewhere(7). 


Materials and methods. Cultures were pre- 
pared in 50 ml Erlenmeyer flasks closed with 
rubber stoppers and containing 3 ml of Simms’ 
X7 solution and 50-100 mg of minced mouse 
brain from one-day-old mice. ‘The initial 
reaction of the medium was adjusted to pH 
8-9. Cultures were incubated for 1-2 days 
at 35°-36°C. The supernatant fluid obtained 
after centrifugation of the pooled material 
from 3 flasks was tested for virus content by 
hemagglutination of human red blood cells 
with serial twofold dilutions(3). 


Results. Several of the compounds tested 


SH) 


TABLE I, Percentage Reduction in Hemagglu- 
tination Titers of Virus, Jn Vitro, in the Presence 
of Certain Compounds in Comparison with Control 


Cultures. 
% reduction 

Compound tested mg/ml in titer 
Adenine . et) 

a 1 87-100 
Adenosine 1 75 
a 3 100 
Adenylic acid 3 0 
Cytidilie ’’ 3 0 
Cytidine 1 0 

fe 3 75-87 
Guanine 3 0 
Guanosine 1 50 
Guanyli¢ acid 1 0 
Thymine 1 0 
ne 3 87 
Uracil 3 0 
Uridine 3 0 
5-Aminouridine 2 0 

Oe ED 75-87 

a a 87-100 
5-Bromouridine At 50 
5-Chlorouracil al: 0 
5-Chlorouridine ral (0) 
a Oo 50 
tye 5) 75 

ae a 87-100 
2,6-Diaminopurine al: 100 
Diazouridine AS) 50 

2 if 75-87 
5-Formamidouridine 5) 50 
is 1 50 
Glucosylthymine* 1 0 
Glucosyluracil* al 0 
5-Hydroxyuridine ait 0 
i 2B 75 
ee 5 5) 
Fu 7 94 
3-Methyluridine 1 50 
Ribosylthymine* 1 0 


* Pyranose ring structure. 


inhibit virus propagation (Table I). Attempts 
were made to reverse the inhibition of uridine 
substituted compounds by addition of various 
substances. Only uridine caused a partial re- 
versal of inhibition (Table II). This repre- 
sents the first example of what apparently is 
competitive metabolism found so far with this 
system. Guanine, 1 mg/ml, did not reverse 
the inhibition produced by 2,6-diaminopurine, 
1 mg/ml; methionine, 3 mg/ml did not prevent 
inhibition by adenine, 1 mg/ml. 

The effects of 5-chlorouridine, im vivo, on 
virus infection were tested in the following 
manner: 3 weeks old mice weighing less than 
15 g each were inoculated intracerebrally with 
0.03 ml of a 10° dilution of tissue culture 
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virus (2 M.L.D.). Thirty mg of 5-chlorouri- 
dine contained in 0.5 ml volume were injected 
intraperitoneally 6, 30 and 54 hours after 
virus inoculation. The control group of mice 
received saline instead of 5-chlorouridine. 
Mice died of encephalitis on the days after 
virus injection as follows: test group, 2,6,6,6,6, 
7,7,8,8,9; control group, 3,6,6,6,6,6,7,7,7 (1 
survivor). The same results were obtained 
if the first dose of drug was given one-half 
hour before the virus injection and the second 
and third doses were given 24 and 48 hours 
later, respectively. 5-Chlorouridine had no 
curative effect. Larger doses were not used 
since it was found in other tests that a single 
injection of 45 mg was lethal for mice of 
this age. 

Discussion. Some compounds which are 
known to interfere with nucleic acid biosyn- 
thesis also inhibit growth of bacteria and 
fungi(5-13). The present results show that 
substituted pyrimidine nucleosides, which in- 
hibit growth of Neurospora(5,6) also limit 
propagation of Theiler’s virus, im vitro. The 
strain of Neurospora used requires uracil, 
cytidine or uridine for growth. That the 
viral inhibition may be due to a block in the 
pathway of virus nucleic acid synthesis is sug- 
gested by the reversal effect produced by 
uridine. This was also suggested to explain 
the inhibition of P?*O, uptake by the ribo- 
nucleic acid fraction of one-day-old mouse 
brain in the presence of 5-chlorouridine(14). 
Reversal of the inhibition produced by anti- 
metabolites on the propagation of viruses has. 
been observed by other workers. Coliphage 
inhibition by  2-amino-9-(p-aminophenyl) 
acridinium chloride is reversed by ribonucleic 
acid(15). Benzimidazole or 2,6-diamino- 
purine inhibits vaccinia virus in chick embryo: 
tissue culture; the latter but not the former~ 
effect is reversed by adenine(16). 

An inhibitory effect on the GDVII virus. 
propagation is observed with adenine, adeno- 
sine, cytidine, guanosine and thymine. With 
the exception of thymine, these compounds are 
utilized by the rat for tissue nucleic acid 
synthesis. An explanation of these results is. 
not apparent. 

Summary. Adenine, adenosine, cytidine, 
guanosine and thymine inhibit the propaga-- 
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TABLE II. Partial Reversal of Hemagglutination Inhibition by Uridine Derivatives Tested 
with GDVII Virus in Tissue Cultures. 


——_ % reduction of titer compared with control———_—__,, 


5-Chlorouridine, 


5-Aminouridine, 5-Hydroxyuridine, 


1 mg/ml 5 mg/ml .3 mg/ml 
Compounds tested Alone Combined Alone Combined Alone Combined 
Uridine, 1 mg/ml 100 75 87 60 87 50 
3 87 75 — — — — 
Uracil, 1 94 87 87 75-87 os == 
3 — — 75 75 — — 
Cytidine, 1 Pane ay 87 87 75 = os 
1mg/ml 
Uridine, 3 87 75 
tion of Theiler’s GDVII strain of murine 6. Fukuhara, T. K., and Visser, D. W., J. Biol. 
Chem., 1951, v190, 95. 


encephalomyelitis virus in tissue cultures of 
one-day mouse brain. Guanine, uridine, 
uracil, guanylic or cytidylic acids did not 
inhibit. Various substituted nucleosides in- 
cluding amino-, chloro-, diazo-, formamido-, 
hydroxy- and methyluridine were inhibitory. 
Uridine partially reversed this inhibition. 5- 
Chlorouracil, ribosylthymine and glucosylthy- 
mine did not inhibit; 2,6-diaminopurine did. 
5-Chlorouridine was not effective against this 
viral infection in mice. 
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Poligmyenie Infection in Cortisone-Treated Hamsters Induced by the 


Intraperitoneal Route.* 


(19451) 


GREGORY SHWARTZMAN. 
From the Department of Microbiology, The Mount Sinai Hospital, New York City, N. Y. 


It was previously reported that cortisone 
enhances greatly the experimental poliomye- 
litis infection in the Syrian hamster(1,2). 
The studies embodied in this paper deal with 
the production of the disease in this animal 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 


by the intraperitoneal route with the aid of 
cortisone(3). ‘ 

Experimental. Syrian male hamsters weigh- 
ing 20-28 g, supplied by the Lakeview Ham- 
ster Colony and the Breeding and Laboratory 
Institute, and Swiss mice, CF1 obtained from 
the Carworth Farms, weighing 15-20 g, were 
employed. All the animals were observed 
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TABLE I. MEF, Infection in Hamsters by the Intraperitoneal Route. 


Total Treatment Time of Tnoculum Paralysisonset Meansur- Mortality 
No. with cortisone inoculation dilution Range of days — vival time rate, Yo 
121 --- a 1:20 to — 0 

1:12000 

45 2mg 4x — — — 14 6 
24, 27, 20 hr 

10 2mg 1x 2 hr after 1:20 5-6 7.8 30 

cortisone 
10 5mg 1x Immed, after 1:20 6-16 12 60 
cortisone 

10 2mg 2x 2 lr after 120 5-8 7.4 100 
24 hr 2nd cortisone 

10 2mg 3x Immed., after 1:1000 4-10) 8 66.7 
19, 27 hr 3rd cortisone 

10 2mg 4x ihe 1:100 3-5 4,7 100 
24, 27, 20 hr 

15 ey 1:500 5-10 8 100 

10 43 1: 1000 5-9 7.6 55.5 

10 3 1:8000 5-12 9 60 

10 a2 1:12000 4-11 _ = 0 

10 amg 3x 2% hr after 1:20 4-7 6.5 100 
19, 24 hr 3rd cortisone 

10 38mg 4x Immed. after 1:100 3-5 5.5 100 
4, 20,3 hr 3rd cortisone 


daily for a period of 4 weeks. The intracere- 
bral inoculation dose was 0.03 ml for mice 
and 0.05 ml for hamsters, and the intraperi- 
toneal dose for hamsters was 0.5 ml. All the 
studies described were done with strain MEF, 
supplied by Dr. Peter K. Olitsky and main- 
tained in this laboratory by serial intracere- 
bral mouse passages. An emulsion of a large 
pool of brains was preserved in an electric 
refrigerator at —30°C. The intracerebral 
mouse LDs» titer was 10°-78. Since 0.5 ml 
was used for the intraperitoneal inoculation 
and the mouse titrations were based on intra- 
cerebral inoculation of 0.03 ml the doses used 
for the intraperitoneal inoculation are best 
expressed in terms of dilutions rather than in 
equivalent mouse LD5» titers until the ratios 
of the intracerebral mouse and intraperitoneal 
hamster LD; titers are determined experi- 
mentally. The anti-Lansing monkey con- 
valescent serum obtained from Dr. Hilary 
Koprowski and another similar serum pre- 
pared in this laboratory were used for the 
neutralization experiments described. The 
author is thankful for these investigators for 
making the materials available. Cortisone, 
Cortone acetate, Merck and Co., containing 


25 mg per ml was injected intramuscularly in 
a volume not exceeding 0.2 ml. When smaller 
concentrations of the hormone were needed 
the dilutions were made in saline. Lyophil- 
ized ACTH, ACTHAR, Armour Laboratories, 
was dissolved to a suitable concentration in 
saline and injected in a volume of 0.25 ml 
intramuscularly. 

Results. As may be seen from Table I, it 
was possible to infect hamsters consistently by 
the intraperitoneal route following cortisone 
treatment. The animals developed a rapidly 
progressing, highly fatal disease, the severity 
of which equaled and possibly exceeded that 
obtained on intracerebral inoculation of the 
virus into cortisone-treated hamsters. The re- 
sults were unequivocal inasmuch as no clinical 
disease was elicited following the inoculation 
of the virus into hamsters receiving no corti- 
sone. There was a clear-cut reciprocal rela- 
tionship between the amount of cortisone and 
the concentration of the virus necessary for 
the production of the disease. The mean sur- 
vival time and the mortality rate were readily 
influenced by these relationships, resulting 
under optimum conditions in an incubation 
period as short as 3-5 days and 100% mor- 


ft MER, pe 
' Treatment inoculum 
with cortisone dilution Name 
cae 1:20 Brain 
Smpg 1x “ 
>” 
” 


, Seas Serum 


38mg 3x iid Brain 
19, 24 by 
maa Serum 
tI 9) 
Bmg 4x 1;100 Brain 
4,20, 3 hy 
7 
a) 
3 


Serum 
a” 
a?) 


1 L000 


= 


Smg 4x 
j 19, 24, 24 hr 
! ? 
| ) 
a? 
a) 
a.) 
9 


“ Higher dilutions not tested, 


a) 
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TABLE IT, Recovery of Virus from Hamsters Infected Intraperitoneally. 


—Organ tested———_———_,, 
Ir after Result 
inoeulation Dilution in micet 
96 1:20 0/8 
20 ” 0/7 
70 ” 0/8 
192 aT 5/8 
96 v2 0/8 
70 L210 0/6 
192 fg) 0/6 
23 ” 1/16 
23 1:100 0/16 
96 a eae VG) 13/16 
96 1:100 2/16 
96 4 6/6 
96 1:10 11/16 
96 1;:100 4/16 
120 ” 6/6 
120 1;1000 5/6 
120 1:5000% 5/6 
120 1:10 6/6 
120 1:100 2/6 
120 1: 1000 1/6 
72 1:10 6/6 
72 1:100 3/6 
72 1:1000 0/6 
120 1:10 5 6/6 
120 1:100 6/6 
120 1: 1000 5/6 
120 | 


£4000 1/6 


t Numerator: No. of dead animals, Denominator — Total No. of animals tested. 


tality rate. It is of interest that a single 

injection of 5 mg was less effective than 2 

injections of 2 mg given at an interval of 24 

hours. Four injections of 2 mg gave rise to a 

fatal disease following the inoculation of 0.5 

ml of the virus diluted as high as 1:8000. 

Even after taking into consideration the fact 

that a volume 10 times greater was employed 

for the intraperitoneal than for the intracere- 
bral inoculation, it may still be assumed that 

_ the intraperitoneal route compares quite 
favorably with the intracerebral route in cor- 
tisone-treated hamsters. 

i The identity of the disease was established 
as follows: 1. There was obtained a typical 
clinical disease in a great majority of animals 
frequently resulting in tetraplegia in animals 
surviving for at least 4 days. Characteristic 
histological changes were invariably seen in 
the spinal cord in the animals showing the dis- 


a, 
? 
‘UE Ge 
en i: 


ease during life. 2. The virus recovered from 
the brain of the intraperitoneally infected 
hamsters produced typical symptoms in mice. 
It was neutralized by the anti-Lansing con- 
valescent monkey serum on intracerebral test- 
ing in mice. Jn these titrations 200 mouse 
LDs 9 were completely neutralized by the 
serum diluted 1:10 following incubation of 
the mixture for one hour in a water bath at 
37°C, 3. It was also possible to neutralize 
the virus in the hamsters. In these experi- 
ments the hamsters received 4 injections of 
2 mg of cortisone at intervals of 3, 20, and 3 
hours. One-half ml of suitable dilutions of 
virus and serum incubated in a water bath at 
37°C for one hour were injected intraperi- 
toneally immediately following the fourth in- 
jection of cortisone. There was obtained con- 
sistent neutralization of the virus diluted 
1:500 with the serum diluted 1:40, while in 
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the absence of the serum the virus similarly 
diluted and incubated gave 100% mortality 
with a mean survival time of 5 days. 

As may be seen from Table II, the virus 
multiplied in the central nervous system in- 
cidentally to the development of the disease. 
In addition the animals showed a marked 
viremia, the extent of which depended largely 
on the total dose of cortisone, the frequency 
of its administration and the concentration of 
the virus. The proof that the viremia ob- 
tained was not due to the discharge of the 
virus into the vascular system from the central 
nervous system through breaking down of 
some barrier by means of cortisone was found 
in the observation that hamsters similarly 
treated with cortisone and inoculated with the 
virus intracerebrally failed to show any evi- 
dence of viremia at different stages of the 
disease. 

It was previously noted that in contrast to 
cortisone, ACTH in large doses failed to mod- 
ify the poliomyelitis infection in the hamster 
inoculated with the virus intracerebrally(1,2). 
Similarly 15-20 mg of ACTH injected intra- 
muscularly in 3 and 4 divided doses over a 
period of several days failed to elicit the in- 
fection by the intraperitoneal route in 40 
hamsters inoculated with 0.5 ml of strain 
MEF, diluted 1:20. All the animals thus 
tested remained well during the entire period 
of observation. 

Discussion. The results reported in this 
paper indicate an extraneural multiplication 
of the poliomyelitis virus following the intra- 
peritoneal inoculation into cortisone-treated 
hamsters, since the viremia observed fails to 
appear following the intracerebral inoculation 
of the virus into hamsters treated similarly 
with cortisone. Unpublished work in col- 
laboration with Dr. S. M. Aronson indicates 
a good correlation exists between histological 
changes and concentration of the virus in cer- 
tain organs and tissues outside of the central 
nervous system. Among these are changes in 
periadrenal adipose tissue and necrotizing cal- 
cifled lesions in paravertebral muscles in- 
cidentally to a high concentration of the virus. 
The results are of special interest in connec- 
tion with the pathogenesis of the disease be- 
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cause they suggest that extraneural multiplica- 
tion of the virus may be one of the phases of 
the infection on parenteral introduction of the 
virus. The demonstration by Horstmann(4) 
and Bodian(5) of a viremia in the chimpan- 
zee following feeding of the virus, points in 
the same direction. 

The possibility of producing the infection 
by the intraperitoneal route offers a new’ 
method for intraperitoneal testing of neutral- 
izing potency of sera and for investigations of 
the effect of chemotherapeutic agents before 
fixation of the virus by the central nervous 
system. Other distinct advantages of this 
method result from the fact that by adjusting 
the dosage of cortisone and the concentration 
of the virus it may become possible to obtain 
various degrees of severity of the disease 
ranging from a prolonged incubation period 
and low mortality rate to a uniformly severe 
disease of short incubation period and high 
mortality rate, thus affording the opportunity 
for screening of agents under widely different 
conditions. : 

Summary. It was possible to produce a 
violent and uniformly fatal poliomyelitis in- 
fection in the hamster by the intraperitoneal 
route following treatment with cortisone. The 
disease was accompanied by a pronounced 
viremia apparently due to the multiplication 
of the virus outside of the central nervous 
system under these conditions. No clinical 
infection was observed in non-treated ham- 
sters thus inoculated. No disease was pro- 
duced following the intraperitoneal inocula- 
tion of the virus in the hamsters receiving 
ACTH. 
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Chemical methods for the quantitative de- 
termination of heparin in blood plasma are 
based on the changes in certain basic dyes 
added to at least partially separated metachro- 
matic substance. Heparin seemingly is not 
found in normal blood plasma, though traces 
of other mucoitin sulfates are present. It is 
possible to follow by heparin estimations the 
plasma level when heparin is administered 
and to recover heparin added to blood plasma. 
Gibson et al.(1) reported briefly a separa- 
tion and photometric procedure for estimating 
heparin in blood plasma. Further details and 
some applications are now presented. The 
concentration of heparin is expressed as anti- 
clotting units in terms of the weight of certain 
purified standards, e.g., those of the Interna- 
tional Provisional Standard and of the Con- 
naught Laboratory. The U. S. Pharma- 
copoeia now defines a unit as approximately 
the quantity of heparin sodium required to 
maintain fluidity in 1 ml of plasma prepared 
according to the directions of the U.S.P. assay 
for heparin sodium. We are using for a 
standard an Upjohn heparin sodium assaying 
130 units per mg. Metachromatic heparin 
assay was proposed by MacIntosh(2) who 
used purified preparations in concentrations 
of about 0.01% and a provisional British 
standard. He measured the loss of color of an 


aqueous toluidine blue O solution (with a 


Spekker absorptionometer) after separating 
the red precipitate by overlaying the mixture 
Jaques, Mitford and 
Ricker(3) assayed solutions of heparin pre- 
pared according to Charles and Scott(4), 
measuring the change in color of azure-A with 
a Lovibond tintometer. Jaques, Morehouse 
and Stewart(5) precipitated the “heparin-pro- 
tein-complex” from citrated plasma with n- 


* This work was supported in part by a grant from 
the Central Scientific Funds of the College of Medi- 
cine of the State University of Iowa. 


octylamine, reprecipitated the heparin with 
brucine phosphate, and quantitated it as 
above. Good recoveries of added heparin 
were obtained, but with small quantities and 
with normal plasma difficulties were en- 
countered. Then Monkhouse and Jaques(6) 
adapted a phenol separation of heparin from 
plasma devised by Homan and Lens(7) for 
metachromatic assay. The metachromatic 
assay of purified heparin offers little diffi- 
culty. The addition of toluidine blue O or 
azure A to a heparin sodium solution (pH 
7.4-7.8) results in a flocculation of a reddish 
purple precipitate. This can be centrifuged 
and the precipitate washed and extracted with 
alkaline alcohol. The resulting red solution 
may be read photometrically. 


Method. A separation of the heparin from 
plasma or serum is essential. The following 
procedure when carefully followed is satis- 
factory. Special reagents.  n-octylamine 
(Sharples) 2 ml, concentrated hydrochloric 
acid 1 ml, and water 30 ml, adjusted to a pH 
of 7.3-7.5; 0.5 N sodium hydroxide and 
exactly 8.05% (0.5N) zinc sulfate; toluidine 
blue O solution, 100 mg in 100 ml of water, 
diluted 4:10 and centrifuged before using. 


Five ml of oxalated plasma in a 15 ml test 
tube are diluted with 5 ml of pH 6.1 M/15 
phosphate buffer. Then 2 ml of n-octylamine 
hydrochloride solution are added in 0.5 ml 


wnsTRUMENT-Colemon Jr 
Spectrophoromerer 


yee A250 


6 
& 


Concentration mq 
& 
& 


40 50 60 70 2090100 


Tronsmittoncy 
FIG. 1, Standard curve, Upjohn, sodium heparin 
(130 units per mg). 
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portions at 35-minute intervals with immediate 
mixing. The tube is centrifuged as soon as 
flocking is observed, If flocking is delayed 
over 10 minutes, the tube may be warmed to 
40°C. The tube is centrifuged, the super- 
natant poured off, and the precipitate washed 
by suspension in 10 ml of water and again 
centrifuged. The precipitate is moistened 
with exactly 0.5 ml of 0.5 N sodium hydroxide 
solution, mixed with 10 ml of 0.9% saline and 
heated at 60-70°C in a water bath for 15 
minutes. When cool, 0.5 ml of 0.5 N zine 
sulfate solution is added and mixed and the 
tube again centrifuged after 30 minutes. The 
heparin is contained in the precipitate. It 
is extracted with 5 ml of water plus § ml of 7.8 
phosphate buffer and heated at 65-70°C with 
stirring for 15 minutes. The tube is centri- 
fuged and the supernatant drained into a fresh 
test tube. To this is added 1 ml of the 
toluidine blue O solution. A reference blank 
with water-buffer mixture and dye is made. 
Both tubes are allowed to stand for several 
hours, or better overnight. A red precipitate 
forms in the heparin tube. The heparin tube 
is centrifuged, drained, and the red precipi- 
tate washed in 5 ml of water and again 


centrifuged. The reference tube is similarly 
washed, The inside walls of both tubes after 


draining are swabbed with alcohol-moistened 
and dry gauze sponges. Four ml of alcohol 
and 1 ml of Q1 N sodium hydroxide are 
added to each tube. After 20-30 minutes the 
heparin tube is centrifuged and the super- 
natant read at 530 me in a Coleman Jr. 
spectrophotometer (75 x 12 mm _ cuvettes) 
with the dye blank tube set at 100% trans- 
mittancy. 

A calibration curve for heparin sodium is 
prepared. The standard should contain 10 
ml of heparin sodium (Upjohn) in 100 ml of 
saline 0.9%. Four portions: 0.01, 0.02, 0.03 
and 0.04 mg of heparin sodium are added to 
10 ml amounts of saline and precipitated with 
sodium hydroxide and zinc sulfate. The 
heparin is extracted and precipitated and the 
colored end solution obtained as above. The 
graph is a straight line (Fig. 1) when plotted 
on semi-log coordinates. 

The metachromatic precipitate. Heparin 
enters into a combination with the dye te form 
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TABLE I. Recovery of Heparin Sodium Added te 


5 ml of Plasma. 
TE 


Plasma, +0lmg, Recovered, 
mg mg mg 
O11 O22 O11 
O15 O24 009 
003 O18 .010 
006 019 0138 
O27 O36 009 
018 025 012 
008 019 O11 
12* .011* 
+.02 mg 
006 O26 .020 
O11 029 018 
006 024 O18 
006 025 019 
002 O21 019 
005 026 021 
005 024 019 
006* .019* 
+.03 mg 
00S .032 O24 
005 036 031 
003 035 .032 
O16 045 029 
010 040 030 
007 037 .030 
OT O33 026 
.008* .Q29* 
+.04 mg 
013 O52 .039 
.00T .050 043 
005 O4T 042 
001 039 038 
010 048 038 
012 055 048 
012 055 0438 
006* .041* 


* Average. 


the red-purple precipitate. If the red alkaline 
alcohol solution for the calibration curve is 
centrifuged, the trace of residue when taken 
up in phosphate buffer can be reprecipitated 
with the dye and again gives the red color of 
the same intensity with alkaline alcohol. This 
procedure may be repeated and further puri- 
fication of heparin seems possible. 

Recovery of heparin added to plasma. De- 
terminations on 5 ml amounts of normal 
plasma to which had been added .010, .020, 
.030 and .040 mg of heparin sodium were 
done. Recoveries have been very satisfactory, 
averaging .011, .019, .029, and .041 mg for the 
4 groups (Table I).* 

The normal plasma level of metachromatic 
substance as heparin sodium. Metachromatic 
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changes are induced by other mucoitin sulfates 
and esters (Lison)(8). Monkhouse and 
Jaques(9) are of the opinion that the me- 
tachromatic material in normal blood is not 
heparin. Significant amounts of metachro- 
matic reacting substances are found in normal 
plasma, as may be seen from the plasma 
figures in Table I. These have amounted to 
.02 to .54 mg%. Phosphate saline extracts of 
20 ml of pooled plasma were concentrated im 
vacuo and dialyzed against saline solution to 
remove the phosphates, and the anticoagulant 
activity tested by the Waugh-Ruddick(10) 
technic. -There was no increase in the clotting 
time. If heparin was added to the plasma 
similarly treated, the heparin was recovered 
when assayed by effects on clotting time. 
Plasma heparin levels and clotting times. 
The curve in Fig. 2 shows the plasma heparin 
sodium levels for 5 ml plasma samples and 
clotting times when heparin sodium was ad- 
ministered i.v., in a 50 mg dosage. The curve 
for the heparin contents parallels the clotting 
times. Depo-heparin 200 mg intramuscularly 
exhibits a prolonged but lesser clotting time 
increase and only a slight rise of the heparin 
level. : 
Urine. It has long been known that urine 
contains some chondroitin sulfuric acid in its 
non-dialysable constituents. Pons(11) has 
determined the daily output in the urine as 80 
to 90 mg per day. If 1 ml of normal urine 
is diluted to 10 ml with water, precipitated 
with sodium hydroxide and zinc sulfate, the 
precipitate treated with pH 7.8 phosphate and 
water and toluidine blue O added to the 
supernatant, a considerable metachromasia is 
obtained. This amounts to 3 to 12 mg% 


expressed as heparin sodium. When equal 
parts of 3.5% saline instead of water and the 
pH 7.8 phosphate are used, there is no meta- 
chromatic effect with urine alone, but heparin 
added to the urine can be determined. For 
example, 1 ml of the urine treated as above 
gave by the water-buffer-dye precipitation 
.060 mg of metachromatic substance ex- 
pressed as heparin sodium; with .025 mg of 
added heparin sodium, .084 mg was found. 
The 3.5% saline and buffer procedure was 
.0O mg for the urine, but .025 mg of added 
heparin sodium returned .026. A control 
with .025 mg heparin sodium assayed .026 
mg. Astrup(12) used a benzidine precipita- 
tion of the heparin-like substance in urine 
(and plasma). This substance has a slight 
anticlotting effect, which he did not believe to 
be heparin. We have found little or no anti- 
clotting effect in our metachromatic reacting 
material from normal urine. 

Summary. A photometric assay of heparin 
sodium is described. This consists of a pre- 
liminary precipitation of 5 ml of plasma with 
n-octylamine, reprecipitation with zinc hy- 
droxide, decomposition of this precipitate with 
phosphate buffer solution, and final precipita- 
tion with toluidine blue O. After washing, the 
red-purple residue is taken up in alkaline alco- 
hol and read photometrically. The heparin is 
a component of the red-purple dye precipi- 
tate. Normal plasma contains non-active 
heparin-like substances, amounting to 0.02 to 
0.54 mg%. Added heparin sodium to plasma 
is quantitatively recovered. Intravenous 
heparin sodium and “depo-heparin” levels fol- 
low the clotting inhibition effects. Normal 
urines contain from 3 to 12 mg% of non- 
active metachromatic substance expressed as 
heparin sodium. Heparin sodium added to 
urine may be recovered. 
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Considerable data are available Indicating 
that resistance to stress may be significantly 
impaired in the nutritionally-deticient animal. 
Thus an impaired resistance to cold has been 
demonstrated in rats deficient in pyridoxine 
(1), riboflavin(2), and vit, A(3,4), and 
guinea pigs deficient in vit. C(5). An im- 
paired resistance to anoxia has been reported 
in the niboflavin-deficient rat(6,7); and fail- 
wre to excrete water and to withstand water 
intoxication has been observed both in ribo- 
flavin-deficient(S) and  pyridoxine-deficient 
(2) rats. In the present communication data 
are presented on the effects of graded doses 
of vit. A on resistance to 1) low environ- 
mental temperature and 2) x-irradiation in- 
jury in the rat. 

Precedure. The animals employed in the 
present experiment were male rats of the 
University of Southern California strain. The 
mother rats were maintained for at least 2 
months previous to breeding and for 12 days 
after the birth of the litter on Sherman diet 
B(10) without addition of supplementary 
lettuce or meat. Litters were cut to 7 at 3 
days of age, and on the 12th day mothers and 
litters were placed on a vit. A-low diet.t The 
young were weaned at 21-24 days of age and 
at a body weight of 36-50 g¢ Inclusive. The 


* TRS paper reports research undertaken In co- 
operation with the Qifice of Naval Research and the 
Quartermaster Food and Container Institute for the 
Armed Forees. The views or conclusions contained 
i this report are these af the auther. They are not 
to be construed as necesanily reflecting the views or 
indorsement of the Department of the Army or the 
Office of Naval Research, 
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Laboratories, Los Angeles, Cali}. 


basal ration employed in the present experi- 
ment had the following composition: sucrose, 
609; casein,+ 25%; salt mixture, 5%; 
cottonseed oil (Wesson), 10%; and the fol- 
lowing synthetic vitamins per kg of diet: 
thiamine hydrochloride, 10 mg; riboflavin, 
10 mg; pyridoxine hydrochloride, 10 mg; 
calcium pantothenate, 60 mg; nicotinic acid, 
60 mg; ascorbic acid, 200 mg; biotin, 5 mg; 
folic acid, 10 mg; p-aminobenzoic acid, 400 
mg; inositol, S00 mg; vit. Bys, 150 «ag; 2- 
methyl-naphthoquinone, 10 mg; and choline 
chloride, 2 g. To each kg of diet were also 
added 400 U.S.P. units of vit. D.!| Each rat 
also received once weekly a supplement of 
4.5 mg alpha-tocopherol acetate. Animals 
were kept in metal cages with raised screen 
bottoms to minimize access to feces and were 
fed ad libitum. Diets were made up weekly 
and stored under refrigeration. Rats were fed 
on alternate days. <All food not consumed 48 
hours after feeding was discarded to minimize 
oxidative changes in the diet. 

Resulis. Exp. 1. Effects of graded doses of 
wit. A on survival time of rats under cold room 
and room temperature conditions, Rats aver- 
aging 43.4 g in weight were divided into 5 
groups of 30 each and were fed the basal vit. 
A-free ration, They received in addition, 


+ Similar to U.S.P. XIII depletion diet except 
that commercial casein rather than extracted (vit. 
A-free) casein was employed. ; 

¢ Vitamin Test Casein, General Biochemicals, Chag- 
rin Falls, O. : 

§ Hubbel, Mendel and Wakeman Salt Mixture, 
General Biochemicals, Chagrin Falls, 0. 

\ HY-DEE Powder, Standard Brands, New York. 
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A on Growth and Survival of Witte Under Cold 


- and Koom Tomporaturg Oonditionns, 


Avg daily 
} ata eg Gain in body Avg survival 
¥) of vit, A No, of Initial wt, 30 diy Yy of decedents, 
i USP. units animals hody wt, g period, 2% surviving dnyst 
| Cold room series, 2 15°C 
| y 0) 15 11,6 “ i) LD t= 6 
= 2,5 12 155.5 ae Gm 16,2 te 2,7 
Vy 5 12 156,4 20% 2 OQ + 
r 10 12 154.3 24,5 100 
50 12 164.7 O45 100 
G Koom temperature series, 24°0 
a) 15 ane \ a) 19,3 + 1,2 
‘i 2.5 14 51,7 42,7 100 
Ls 5 18 159'6 94,7 100 
oye LO 18 149.6 105.4 100) 
50 14 164.4 109.9 100 
| * Of surviving animals, 
14 i wd? 


: t Including stand. error of the mean enloul 


deviation from the mean and ‘'n’’ is the nu 


twice weekly by graduated syringe, oral sup- 
_ plements of vit. Al dissolved in 0.12 cc of 
cottonseed oil in amounts furnishing an aver- 
age daily intake of 0, 2.5, 5, 10, and 50 U.S.P. 
units of vit. A for groups I to V, respectively. 
Rats in group I became depleted of vit. A 
‘(as judged by stationary or decreasing body 
. weight for a period of 5 days) after an average 
of 23.4 days of feeding (range 21 to 27 days) 
and at an average body weight of 108.3 g. At 
the time of depletion half the animals were 
placed (1 animal per cage) in a walk-in re- 
frigerator maintained at a temperature of 
2° + 15°C. The remaining half were con- 
_ tinued at standard laboratory conditions 

(23°C). After 24 days of feeding the average 

body weight of rats in the remaining dietary 

groups was as follows: group II, 152.3 g; 

group III, 154.0 g; group IV, 151.3 g; and 

group V, 163.5 g. At this time animals in the 
_ above groups were divided into 2 series. 

Eighteen rats in each group were continued 
at standard laboratory conditions; the re- 
/ maining 12 animals were placed in the walk-in 

refrigerator (1 animal per cage). No change 
_ was made in the diets fed. Feeding was con- 
2 Pye’ ad libitum for an additional 30 paar 


«Ff Vit. A Palmitate (Synthetic), Hoffmann-La 
_ Roche, Nutley, N. J. 


ated as follows: 
iV 
mber of observations, 


J Vn where A’? is the 


or until death, whichever occurred sooner, 
Results are summarized in Table 1, 
In agreement with earlier findings(3,4), 


exposure to a low 


environmental temperature 


significantly decreased the survival time of 
rats depleted of vit. A, At an environmental 
temperature of 2 + 1,5°C, the average length 
of survival of rats depleted of vit, A was 1,9 
days in contrast to an average survival time 
of 19,3 days for depleted rats at room tem- 
perature, An average daily intake of 2,5 
US.P, units of vit. A was insufficient to pro- 
vide maximal adjustment to cold since 42% 
of the rats in this series succumbed during an 
experimental period of 30 days, An average 


daily intake of 5 


U.S.P, units of vit. A was 


sufficient, however, to permit an apparently 
optimal adjustment to cold, Under room tem- 
perature conditions all rats fed an average 
daily intake of 2.5 U.S.P. units of vit. A or 
more survived, Gain in body weight was cor- 
related at room temperature conditions with 


the amount of vit, 


A administered, being sig- 


nificantly greater for rats fed the higher doses 


of vit. A than the 
tween the various 


lower, The differences be- 
groups, however, were not 


marked; and with the exception of size the 
various groups were grossly indistinguishable, 
It is apparent from these findings that an 
average daily intake of 2.5 U.S.P. units of 


\ 


vit, A, although suffielent for good growth 
and survival under room temperature condi 
tions, was inadequate for eptinal adjustment 
to cold, 

Kup. 2. Eifecés of ereded doses of vit. A en 
meen artertad pressure of rads matatained we 
der cold and ream temperature conditions, 
\t the termination of lxp, t, 6 tats were se 
lected at random from each of the surviving 
groups and the mean arterial pressure deter 
mined by the direct method ** The rats were 
anesthetized with ether and the abdominal 
aorta was exposed and punctured with a 24 
gauge needle Connected to a mercury mannan 
eter of t mm bere tubing, ‘Phe puncture was 
made during Heht anesthesia and with the 
mercury Column ia the manometer taised to a 
lewel of GO6100 mm He, tn the cold room 
series the average mean arterial pressure was 
108.3, O84, O88. and O14 mim He, respec 
tively, for rats fed an average daily intake of 
2.5, §, 10, and $0 U.S.P. units of vit. A. Tn 
the room temperature series the average mean 
arterial pressure of these groups was LOLS, 
Q1.8, O84, and 982 mm Hg, respectively, 
The differences observed between tats fed the 
varving lewels of vit, A were not statistically 
significant either under cold room ar room 
temperature conditionsy nor were the ditter: 
ences between the 2 environmental series on 
any of the rations emploved, ‘The latter tind 
ings are at variance with the report(l)) that 
prolonged exposure to cold causes a signifleant 
increase in the svetolic blood pressure of the 
rat. Gilson’s determinations, however, were 
made with a tail plethyamograph on unaness 
thetized rats fed a natural food ration, In 
unpublished findings from this laboratory Ut 
was observed, in agreement with Gilson, that 
prolonged exposure to a low environmental 
temperature resulted ina significant increase 
in the systolic blood pressure of rata on a 
natural food ration, as determined in unanes: 
thetized animals with a Sobin tall plethvame 
staph, When the mean arterial pressure was 
determined on these same vats, however, by 


We are indebted to Dr, Sheldon Rosenfeld, 
Dept. ef Physiology, University. of Southern Call 
forma, for technical assistance in the bload pressure 
determinations 
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the direct method outlined above, no inerense 
in mean arterial pressure was observed over 
that of animals fed a similar ration but main- 
tained under room temperature conditions, tt 
would appear, therefore, either 1) that the 
hypertension caused by prolonged exposure to 
cold ix abolished by ether anesthesia or 2) 
that the tail plethvamograph is not an ace 
curate method for determining the systolic 
blood pressure of vata which had been exposed 
(o a low environmental temperature for a pro 
longed period of time, 

Kvp. 3. Ejleets af graded doses af vit, A on 
survloal of vraty administered a single lethal 
dose of xeirvadiation, At the termination of 
xp, 1, 10 rata were selected at random from 
‘ach of the surviving groups in the room tem: 
perature series and were administered a single 
dove of 750 y xetrradiation, Animals were 
continued on the basal ration plus their re- 
apective vit, A supplements for 30 days post 
irradiation, ‘The radiation factors were as 
followa: GE Model Maximar 250; 280 KRY: 
18 MA; 0.8 mm Cu and 1 mm Al filters plus 
a Cu parabolic Alters |! AVL, 2.15 mm Cus 
larget distance to top of box, 78 em) and dose 
rate, 17,02 ¢ per minute (measured in air), 
The animals to be irradiated were placed in a 
wooden box divided into 14 compartments 7 
om wide, to em long and 10 em deep (10 rate 
were irradiated at a time), ‘The partitions 
and top were made of Ya-ineh cellulose acetate 
sheeting; and the top, one side and bottom 
of each compartment were perforated with 
holes for purposes of ventilation, The con- 
tainer wae rotated slowly on an eleetrically- 
driven turntable to insure equivalent irvadia- 
tion, ‘The per cent survival and the average 
survival time of decedenta in’ the various 
groups are summarized in ‘Pable Uf, 

\ algniticant difference was observed in 
the survival rate of rate fed varving doses of 
Vit, A following a single exposure of 780 9 


HY A nonuniform Otter whieh produces a flat 
lsndose surface at xeray Intensley conatructed by 
the method of Greenfield and Wand), We ave 
indebted to Dr, Mosea Creentield and Miss Katherine 
Hand of the Atomle Hnergy Project, University of 
California at Loa Angeles, for construetion of the 
pavabotic Alter, The center of the Alter had a thiek- 
toss Of 17 mm Cuy the edge, O8 mm Cu, 
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TABLE TI, Effects of Graded Doses of Vit, A 


* Of surviving aninals, 


{ Including st 


x-irradiation, All of the rats receiving 2,5 
US.P. units of vit, A daily succumbed, 
whereas, 50% of the rats fed 5 or 10 U\S\P, 
units, and 909% of those on 50 U.S.P, units of 
vit. A survived, During the first 4 days post- 
irradiation, rats in all groups lost approxi- 
mately 20-25 g in body weight, Surviving 
animals fed the higher doses of vit, A gained 
back the weight they had initially lost, This 
did not occur, however, in rats fed an average 
daily intake of 5 U.S.P, units of vit, A, An 

unexpected finding was the occurrence of cir- 

cular necrotic patches on the tail of irradiated 

rats fed an average daily intake of 5 or 10 

U.S.P. units of vit. A (Fig. 1), These first 


y 
5 


) became manifest during the second week post- 


irradiation and persisted for approximately 2 
weeks in those animals which survived, 
Seventy percent of the rats fed an average 
daily intake of 5 U.S.P, units of vit, A and 
90% of those receiving an average daily in- 
» take of 10 U.S.P, units of vit, A developed 


WG, 1, Rat tail, 18 days post-ivvadiation, of ani 
with average daily dose of J 


me 
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on Survival of Rats Administered a Singh 


Avg daily 
supplement Change in body Ave survival 
of vit, A, Initial wt, 80 days post my of dewadents, 
USP, units body wt, g irradiation, g* auryviving dayat 
2.5 217.4 0 BB ct M 
4 D708 17.8 50 14,5 a 28 
10 Q7V3 . om 0 Lady ste 28 
50 292.7 ag) oo f « (0 


and, error of the mean 


such patches, No such patehes were observed 
in any of the rats receiving an average Intake 
of 50 U,S,P, units of vit, A dally, Rats re 
ceiving an average daily intake of 2,5 U.S,P, 
units of vit, A sueeumbed following x-irradia« 
tion without showing such lesions, 
Discussion, Results of the present experts 
ment indicate that doses of vit, A sufflelent to 
promote good but suboptimal growth under 
standard laboratory conditions are inadequate 
for optimal resistance to stress as eaused by 
1) prolonged exposure to a low environmental 
temperature or 2) a single exposure of 750 ¥ 
x-irradiation, No data are available to indi 
eate What Tnctors were responsible for the 
impaired resistance of vit, Aedeficient rats to 
the above stressor agents, Since food Intake 


was reduced in the deficient rats, it is possible 
that the decreased resistance of these animals 
was due, at least in part, not to vit, A mal 
nutriture per se but the attendant reduetion 
in eatorie 


intake, Further experiments are 


mal fed a purified basal vation supplemented 
0 U,8.P, units of yit, A, 
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indicated to determine to what extent this 
factor may have contributed to the observed 
results. 

Summary. Experiments were conducted on 
the effects of graded doses of vit. A on re- 
sistance to low environmental temperature and 
x-irradiation injury in the male rat. The 
average survival. time of rats depleted of vit. 
A was 1.9 days at an environmental tempera- 
ture of 2°C and 19.3 days under standard 
laboratory conditions (23°C). Adjustment to 
low environmental temperature (as judged by 
per cent surviving an experimental period of 
30 days) was significantly increased in ani- 
mals fed an average daily intake of 2.5 U.S.P. 
units of vit. A, but a minimal intake of ap- 
proximately 5 U.S.P. units of vit. A daily was 
required for optimal adjustment to cold. A 
direct correlation was observed between the 
vit. A content of the diet and resistance to 
x-irradiation. All rats administered an aver- 
age intake of 2.5 U.S.P. units of vit. A daily 
succumbed following a single exposure of 
750 r x-irradiation; 90% of the rats receiving 
a daily intake of 50 U.S.P. units of vit. A and 
exposed to a similar dose of x-irradiation sur- 
vived. An average daily intake of 10 U.S.P. 
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units of vit. A was inadequate for optimal 
resistance to x-irradiation, although this level 
of vit. A was adequate under standard labora- 
tory conditions for optimal growth. 
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Reduction of Urinary Sodium and Potassium Produced by Hypophyseal 


Growth Hormone in Normal Female Rats.* 


(19454) 


Joun E, WuHITtNeEy, LESLIE L. BENNETT, AND CHoH Hao Lt. 


From the Division of Physiology, Institute of Experimental Biology, and Department of 
Biochemistry, University of California, Berkeley. 


Previous work from this laboratory(1) has 
shown that the administration of hypophyseal 
growth hormone (GH) to diabetic male rats 
results in the retention of both sodium and 
potassium even though the degree of glycosuria 
may be increased concurrently. It is the 
purpose of this paper to report that GH pro- 
duces both sodium and potassium retention 
in normal female rats. 

Methods. Three experiments are reported 


* Aided by grants from the National Institute of 
Health (to L. L. Bennett) and from the Albert and 
Mary Lasker Foundation (to Choh Hao Li.) 


in this paper designated as Series I, II, and 
III. In each experiment 10 “plateaued” fe- 
male rats of the Long-Evans strain were used. 
Five animals of each group were fed the 
regular stock diett and 5 received the same 
stock diet plus an additional 600 mg of KCl 


+ The stock diet consisted of ground whole wheat 
67.5%, casein 15.0%, whole milk powder 10.0%, 
NaCl 0.75%, CaCO, 1.5%, hydrogenated vegetable 
oil, 5.25%. To each kg of diet were added 3.5 g 
Sardilene (fish oil concentrate containing 3000 
USP units of vit. A and 400 chick units of -vit. D 
per g). 
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TABLE I, Effect of Growth Hormone (GH) on Urinary Na and K of Normal Rats.* 


; _ 


-—-Urinary sodium——_——, 


Urinary potassium—————_, 


Pre-injec- Pre-injec- 
tion control Git tion control GH 
Series Diet period period Change ps period period Change pg 
1 Control Bp Olt, \8a=,07 —4 <.01 119+.002 .95+.002 -24 <.01 
(30) + (28) (30) (28) 
1 High KCl 2.5+.01 2.1+.01 —4 ie 1.3 +3. 6.98.18 —.33 22 
(30) (29) (19) (33y 
2 Control 1.6+.03 1,2+.02 —A4 a8 1.24.02 99+.01 —.25 oe 
(20) (20) (20) (20) 
2 High KCL 1.6+.01 1.44.02 2 sg 6.63+.04 6.12+.01 —o1 a 
(25) (20) (25) (25) 
* Values expressed as mEq/rat/day, t Stand. dev. of the mean: o = ‘ 
V n(n-1) 
+ No, of observations in group. § Comparing the GH period with pre-injection control period. p 
M,- My, 
from Fisher’s(9) table of t where t =—— ~ 
See 
| (zai + 2a5 bes: 
Mewapi gaa rammenl 
V [nyt+np-2 ny No 


per rat per day. The animals were kept in 
individual metabolism cages and urines were 
collected daily. The food intake for each 
animal was constant from day to day through- 
out the experiment. The methods for collec- 
tion of specimens, for analyses, and for main- 
taining the constancy of the dietary intake 
were the same as those previously reported 
(1,2). The GH was prepared by one of us 
according to the previously published method 
(3) and the same lot of hormone was used 
throughout. In each case the GH was given 
twice daily by intraperitoneal injection. The 
animals in Series I received 500 y of GH per 
day for a 7-day injection period which fol- 
lowed a 6-day pre-injection control period, 
and was followed by a 5-day post-injection 
control period. The animals in Series II re- 
ceived 300 y of hormone per day for a 5-day 
injection period following a 5-day control 
period. In Series III following a 7-day con- 


- trol period, the animals received initially 25 y 


of GH per day for two days, then 50 y per day 
for 2 days, then 75 y for one day, then 150 
y per day for 2 days, and finally 1,000 y per 
day for 2 days. 

Results and comments. The pertinent data 
regarding urinary electrolytes are presented in 
Table I and Fig. 1. The data in Table I show 


that in both Series I and II there was a sig- 
nificant reduction of urinary Na and K during 
GH treatment. Significant reduction in the 
urinary nitrogen also occurred in all groups of 
animals in Series I and II, and there was no 
difference between the animals on the control 
diet and the high KCl diet in this respect. 
This was in contrast to two previous experi- 
ments in which there was significantly greater 
nitrogen retention produced by GH in the 
animals on the high potassium diet. Inspec- 
tion of the data presented in Fig. 1 shows that 
the diminution of urinary Na and K produced 
by GH administration was present with doses 
of hormone as low as 75 y per day. 

That,GH causes concurrent K and nitrogen 
retention is not surprising since both K and 
protein are essential intracellular components. 
The retention of Na is probably associated 
with an expansion of the extracellular fluid 
volume. This hypothesis is in accord with the 
demonstration(4) that GH administration to 
hypophysectomized rats is associated with an 
increase in the thiocyanate space but does not 
produce an increase in the muscle Na or any 
change in serum Na. That these changes in 
urinary sodium and potassium excretion re- 
flect an actual positive balance for these 
elements is shown by the fact that fecal analy- 


unr 
[o/0) 
og 


ww 
$ 3 
: eS 


AVERAGE URINARY 
ww uw 
a 


> 
aR ee eee Ages Pe | 
| 


NEQ /24hrs-CONTROLS Myms/24hrs. 
» iu 
r 


AVERAGE URINARY 


CONTROLS 
L HIGH KCI DIET--—— 


MEG /24+rs. 


AVERAGE UA/NAAY 


Growth HORMONE AND ELECTROLYTE BALANCE 


£39 


x @ 
~~ fo oO + 


a 
@ 
URINARY POTASSIU/T EXCRETION 


HIGH KC/ DIET 


AN/HALS SACRIFICED FOR TISSUE ANALYSIS 
N @ 


i>) 
6 
Le jeans 


AVERAGE BODY 30D/UM EXCRETION POTASSIUM EXCRETION NITROGEN EXCRETION 
WTI GRAMS 


16 


FIG. 1. Effect of growth hormone on average urinary nitrogen, potassium and sodium excretion 
and body wt of rats fed a high KCl diet. 


ses revealed no change in fecal Na or K during 
the period of GH administration. This was 
demonstrated in an additional series of ex- 
periments which are not reported in detail 
here although significant reduction of urinary 
Na and K occurred in these experiments also. 
It is unlikely that unrecognized contamina- 
tion of the GH could have been responsible for 
these results. The GH preparation used was 
free of antidiuretic activity as assayed by the 
Ham and Landis(5) procedure at a maximum 
dose level of 500 y. At a dose level of 1 mg 
per day it was free of ACTH activity as meas- 
ured by the lack of increase in the adrenal 
weight of hypophysectomized rats(6). <A 
dose of 100 y in hypophysectomized rats did 
not cause depletion of adrenal ascorbic acid 
by the procedure of Sayers e¢ al.(7), again 


indicating that the preparation was sub- 
stantially free of ACTH contamination. Even 
if ACTH contamination were present it is 
unlikely that it would have caused these 
electrolyte effects, since in our hands and in 
those of others(S8) ACTH has not caused 
sodium retention in normal rats although it 
causes potassium loss, the opposite of the 
effect of GH on potassium balance. 

Conclusion, The administration of hypophy- 
seal GH to normal female rats produces re- 
tention of both sodium and potassium. 
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Study of Ureidosuecinic Acid and Related Compounds in Pyrimidine 


Synthesis by Lactobacillus bulgaricus 09. 


(19455) 


Dantex S, Spicer, KATHERINE V. Lirsert, Lemurt D. Wricnt, Ann Jesse W. Hurr. 
From the Research Division, Sharp & Dohme, Inc., West Point, Pa. 


Lactobacillus bulgaricus 09 has been found 
to respond to orotic acid as a growth factor 
(1-4). Several intermediates in the chemical 
synthesis of orotic acid have been tested and 
ureidosuccinic acid was shown to have from 
10-20% of the activity of orotic acid(2). In 
a study of certain natural products it was 
found that human urine gave a response 
equivalent to about 100 + of orotic acid per 
milliliter(2). Isolation studies in these lab- 
oratories have revealed that the microbio- 
logical activity of urine is due to urea, 

The utilization of urea by L. bulgaricus 
raises the question as to whether or not the 
organism utilizes only the urea portion of the 
ureidosuccinic acid molecule in the synthesis 
of pyrimidines. Both orotic acid and ureido- 
succinic acid are utilized for the biosynthesis 
of pyrimidines as shown by tracer studies(5). 
In these studies it was demonstrated only that 
the ureide carbon of ureidosuccinic acid is 
incorporated into pyrimidines of nucleic acids. 
Supporting evidence is presented at this time 
to show that in ail probability the entire mole- 
cule of ureidosuccinic acid is utilized by 
L. bulgaricus 09 in pyrimidine synthesis. 

Experimental. The compounds were tested 
for orotic acid-like activity by the method of 
Wright et al.(2), with one exception namely 
that the basal medium contained no added 
uracil. All compounds were tested alone, but 


__ in order to obtain information as to any pos- 


sible antagonistic or enhancing activity, some 
were tested in 2 additional ways, with orotic 


acid at levels of 20 y per tube and with ureido- 


succinic acid at levels of 100 y per tube. 
Control tubes of orotic acid were run at levels 
from 0 to 100 y per tube and ureidosuccinic 
acid from 100 + to 500 y per tube. Ureido- 
succinic acid also was tested using aseptic 
addition to detect the possibility of structural 
alteration during autoclaving. No difference 
was found between the results obtained by the 
two methods. The compounds tested and the 
results obtained are shown in Table I. The 
ureides were prepared by the usual method(6) 
of treating the appropriate amino acid with an 
equivalent amount of potassium cyanate in a 
concentrated aqueous solution, evaporating to 
a syrup, or in some cases, to dryness on a 
steam bath, redissolving in water, acidifying 
with concentrated HCl] with cooling and re- 
crystallizing the product from boiling water. 
The succinyl thiourea was prepared by the 
dry fusion of succinic anhydride and thiourea 
(7). The 3-acetyl 2-thiohydantoin was pre- 
pared from glycine and potassium thiocya- 
nate(8). 

Results. Of the compounds tested. ureido- 
succinic acid was the only compound with 
activity comparable to orotic acid. Urea 
showed a greater activity than most com- 
pounds tested. No significant. enhancing ef- 
fects were noted, and only thiourea showed 
any antagonism. 

Discussion. A comparison of the various 
ureide structures with that of orotic acid 
readily shows that ureidosuccinic acid most 
easily meets the structural requirement as a 
precursor of orotic acid. That urea itself is 
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TABLE I. Response of L. bulgaricus 09 to Various Ureides and Related Compounds. 
Range tested Activity 
Compound (mg/tube) (% oroticacid) Antagonism 
Orotic acid .02—10 100 1] 
Urea .2 —10 25 
Ureidoacetic acid .2 —-10 ral 
a Ureidopropionie acid .2 —10 Ege 
8 ” ” a0 2 None 
a Ureidobutyrie¢ Re .2 —10 Sei 
Ureidosuccinic oe 1— 5 10-20 
a Ureidoglutaric ’”’ 2 —10 <2 
a Ureido-B methyl valeric acid .2 —10 0 
Fumaric acid diamide .2 —-10 <<a J 
Thiourea .2 —10 <.2 Slight at 
high level* 
Succinyl thiourea 2 —10 0 pe 
3-Acetyl 2-thiohydantoin 2— 1 0 None 
Dihydro-orotic acid oO 5 cfs 


* Against ureidosuccinic acid and orotic acid at the given levels of these compounds, 


relatively inactive is strong evidence alone for 
the requirement of a more specific structure. 
The fact that orotic acid has from 5 to 10 
times the activity of ureidosuccinic acid and 
that both of these compounds are incorporated 
into the same 2 nucleotides(4) is evidence 
that orotic acid is a probable intermediate in 
the conversion of ureidosuccinic acid to nu- 
cleic acids. The postulated steps in the for- 
mation of orotic acid from ureidosuccinic acid 
are shown in Fig. 1. 


Ureidofumaric acid is shown in Fig. 1 as a 
possible intermediate. That the double bond 
is formed before ring closure is evidenced by 
the fact that dihydro-orotic acid exhibits only 
0.5% the activity of orotic acid. Attempts to 


POSTULATED PATHWAY OF OROTIC ACID SYNTHESIS 
FROM UREIDOSUCCINIC ACID 


COOH | COOH ' CO—NH 
] =Hiaeieet | -H20 ] 
CHo oir ' CH c=0 
] al i— > il ] 
CH-NH-C-NHp | C-NH-G-NHo! Cc — NH 
] z haa 6 ] 
COOH | COOH ' COOH 
A. B. C; 
UREIDOSUCCINIC UREIDOFUMARIG OROTIC 
ACID ACID ACID 
FEG. 1. 


prepare ureidofumaric acid in these labora- 
tories have failed up to the present. 

Summary. A number of ureides were tested 
for orotic acid-like activity using L. bulgaricus 
09. Ureidosuccinic acid, the only compound 
that could be visualized to yield a substituted 
pyrimidine ring by cyclization, was the only 
ureide with significant activity. 
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Negative Effects of Oral Monobenzyl Ether of Hydroquinone in Malignant 


Melanoma in Man. 
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Monobenzyl ether of hydroquinone (“‘age- 
_ rite alba’’) is an effective inhibitor of melanin 
formation both in vitro and in vivo(1,2), per- 
haps due to direct action on tyrosinase. The 
compound has been described to cause occu- 
pational leukoderma(3). Prolonged oral ad- 
ministration produces depigmentation of the 
skin in pigs(4) and in guinea pigs(5). 

Although melanin formation by malignant 
melanoma may not be intrinsically involved 
in the initiation or continued growth of the 
neoplasm, it was considered of interest to 
ascertain whether monobenzyl ether of hydro- 
quinone would affect melanoma or the course 
of patients with this disease. 

Methods. Monobenzyl ether of hydroquin- 
one* was administered orally, 3 times a day, 
in capsules containing 0.1 g or in tablets of 
0.5 g. The dose of the compound ranged 
from 0.3 to 27 g per day, and was given for 
18 to 214 days. Eight patients with meta- 
static melanoma, verified by at least one rele- 
vant biopsy, were treated, Table I. Their 
ages ranged from 27 to 63. There were 2 pre- 


menopausal and one post-menopausal women 
in the group. All patients were of the white- 
skinned races. Estimations were made at 
frequent intervals of the size, consistency and 
appearance of the metastatic lesions. Urine 
specimens were examined weekly for melanin 
by the ferric chloride method. The patients 
were followed by weekly determinations of 
hemoglobin, red and white blood cell counts, 
as well as repeated determinations of such 
chemical blood constituents as protein, non- 
protein nitrogen, bilirubin and electrolytes. 
Results. No effect upon the growth of the 
neoplasms, or beneficial effects upon the 
patients, were observed. A definite reduction 
in the size of the subcutaneous mass was ob- 
served early in the course of therapy in Case 
8, but within 12 weeks the ‘mass enlarged 
steadily in size despite doubling the dose of 
the chemical. There was no depigmentation 
of the lesions. Five patients had melanin 
in the urine during the course of the disease. 
No consistent effect of monobenzyl ether of 
hydroquinone was noted upon the melaninuria. 


TABLE I. Oral Monobenzyl Ether of Hydroquinone in Patients with Malignant Melanoma. 


Total No. 
Case Dose/day, No. days No. days be- Total dose days 
No. Sex Age g treated tween course /course, g observed 
1 4 62 ae 21 = 2.9 40 
3-15 51 28 181 ay 
: é Pes NES 10 7 se 60 253 
3 FY 63-10 15 18 Ax 250 90* 
5210 36 25 240 ea 
2 é Be 10: 287 6 ane 118 142 
5-10 46 23 247.5 ue 
‘ g ae a 12 os 120 72 
6 9 27 5-15 46 ae 472.5 135 
{412.5 41 25 188.3 aa 
4 g CU ae eae 40 oe 592.6 120 
{5-125 151 20 385.2 a 
2 é i iT ae 63 ms 1085 365 
* Alive. 


* Purchased from Goodrich Rubber Coi 
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Nausea and occasional vomiting occurred 
in five patients, with daily doses of over 10 g 
per day. No other reactions were noted, and 
no effects were observed clinically or bio- 
chemically upon the functions of the kidneys, 
liver, or hemapoietic tissues. 

Seven of the 8 patients died after an ex- 
pected course of the disease; Case 3 is still 
alive. Necropsy examination in seven cases 
failed to reveal histologic evidence of toxic 
effects or other changes attributable to the 
ingestion of the chemical. 

Conclusion. Daily oral doses of 0.3 to 27 
g of monobenzyl ether of hydroquinone, for 
total doses of 2.9 to 1490 g in 21 to 214 days, 
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had no effect upon the growth of malignant 
melanoma in 8 patients. Ingestion of mono- 
benzyl ether of hydroquinone produced no 
toxic effects other than transient nausea and 
vomiting when the daily dose exceeded 10 g. 
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Bactericidal Action Mediated by Antibodies Specific for Heterologous 


Antigens Adsorbed to Bacterial Cells. 


FRANK L. ADLER. 


(19457) 


(Introduced by J. Bronfenbrenner. ) 


From the Department of Bacteriology and Immunology Washington University School of 
Medicine, St. Louis, Mo. 


Many gram negative bacteria are killed, and 
some are lysed, when they are exposed to 
complement and homologous antibody. It 
is generally believed that the antibody which 
mediates the killing of the bacterial cells by 
complement is specific for somatic antigens 
(1-3), though antibody specific for flagellar 
antigens has been held responsible for bac- 
tericidal serum activity against motile strains 
of Proteus(4). 

The present communication, based on data 
obtained in the course of a more detailed 
investigation of qualitative and quantitative 
aspects of the bactericidal reaction,* is con- 
cerned with the site at which the antigen- 
antibody reaction responsible for cellular 
death occurs. 

It is known that bacterial cells may adsorb 
to their surface components of the medium in 
which they are grown or suspended(5,6). The 
presence of some of these adsorbed substances 
can be demonstrated by the observation that 


* Thesis submitted in partial fulfillment of re- 
quirements for the degree of Doctor of Philosophy 
at Washington University. 


such coated bacterial cells are agglutinated by 
antibody specific for the adsorbed substances. 
It appeared of particular interest to determine 
whether, in the presence of complement, re- 
actions between antibody and adsorbed anti- 
gen would cause the death of susceptible 
bacteria. That bactericidal activity might 
actually occur as the result of such reactions 
was indicated by the work of Angerer and 
Hartoch(7) who demonstrated accelerated 
lysis of Vibrio cells which had first been ex- 
posed to suboptimal amounts of bactericidal 
horse serum and then to rabbit anti-horse 
serum. Bacterial antigens were chosen as the 
coating agents in this investigation because 
their use promised to throw some light on the 
quantitative aspects of the bactericidal re- 
action and also on the apparent lack of 
specificity in the bactericidal action of normal 
sera. These problems will be dealt with in 
subsequent papers. ; 
Materials and methods. The antigens em- 
ployed for the coating of bacteria were ex- 
tracted with trichloroacetic acid as described 
by Boivin(8). They were precipitated by the 
addition of alcohol to a final concentration of 


in the coating procedure. 
bacterial cells of one species with antigens 


75% by volume, washed repeatedly in 75% 
alcohol, and finally dried over calcium chloride 
under aseptic conditions. When required, 


_ sufficient amounts of dry antigen were weighed 


out to yield the desired volume of the 0.1% 
solution (in physiological saline) to be used 
In order to coat 


derived from another species, the growth from 
three 18-hour slant cultures was harvested 
and washed twice with saline. The packed 
cells were then evenly suspended in 5 ml of 
the sterile 0.1% solution of antigen, and a 
similar amount of cells was suspended in 
saline, to serve as control. After 30 minutes 
of incubation at room temperature, with oc- 
casional agitation, both cell suspensions were 
diluted with saline until they contained ap- 
proximately 5 x 10* viable cells per ml.t To 
test the bactericidal activity of immune sera 
against coated (test) and uncoated (control) 
bacteria, the method of Felix and Olitzki(1) 
was modified so that more nearly quantitative 
titrations could be obtained. Serial dilutions of 
inactivated immune serum, in 0.2 ml amounts, 
were distributed into a series of sterile tubes 
and, while the tubes were kept in an ice-water 
bath, the following reagents were added in 
quick succession: 0.2 ml of the standard in- 
oculum of bacteria (approximately 10* viable 
cells), 10 minimum hemolytic units of comple- 
ment (contained in 0.1 ml of a suitable dilu- 
tion of specifically absorbed fresh guinea pig 
serum), and 0.5 ml of half-strength broth. 
After mixing of the contents the tubes were 
incubated at 37°C for 30 minutes, returned to 
the ice-water bath, and 2 ml of chilled, 
quarter-strength broth were added to each 
tube. Finally two 1 ml aliquots from each 
tube were transferred to Petri plates and mixed 
with proteose No. 3 agar at 45°C. Colonies 
present after 18 hours of incubation at 37°C 
were counted by the microscopic method 
described by Felix and Olitzki(1). Controls 
for the sterility of the various reagents, for 
lack of bactericidal activity of either the 


+ Because the serial dilutions required in this step 
generally involved a 10000-fold dilution of the sus- 
pending fluid, it was not necessary to wash the 
cells free of unadsorbed antigen. 
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immune serum or of complement alone, and 
a control on the bacterial content of the 
inoculum (immune serum and complement 
omitted) were included in each test. 

Application of Student’s “t” test for sta- 
tistical significance to a large number of data 
obtained in these and other bactericidal tests 
demonstrated that a difference of 15% 
between the number of colonies present on the 
inoculum control plates and the number of 
colonies arising from any given experimental 
mixture of immune serum, bacteria, and com- 
plement, was highly significant. Therefore, 
the titer of a serum was defined as the highest 
dilution of the serum which under the stand- 
ard conditions of the experimental procedure 
caused the death of 15% or more of the 
inoculum. In order to free the immune sera 
used in these experiments and the guinea pig 
sera which were employed as complement of 
undesired antibodies, absorptions were car- 
ried out with massive doses of heat-killed, 
washed cells of the indicated bacterial strains. 
Absorptions of the guinea pig sera were carried 
out at 0-4°C, those of the immune sera at 
37°C, for one hour, twice in succession with 
each absorbing organism. The immune sera 
were prepared by immunizing rabbits with 5 
to 6 doses of bacteria. The bacterial cultures 
were obtained from the stock collections of 
the Department of Bacteriology and Immu- 
nology, Washington University, and the De- 
partment of Bacteriology, University of Ken- 
tucky. 

Results. The data presented in Table I 
show that cells of each of the 3 Salmonella 
species tested (S. miinchen, S. potsdam and 
S. ballerup) could be rendered sensitive to the 
bactericidal action of complement in the 
presence of an anti-Escherichia coli immune 
serum if they were first exposed to a solution 
of &. coli antigens. This bactericidal ac- 
tivity against coated bacteria was present 
even in high dilutions of the immune serum 
(1:640 to 1:20,480), while uncoated (con- 
trol) cells were not killed by any of the serum 
dilutions tested. 

It appeared of interest to determine, in a 
preliminary manner, whether cells of other 
gram negative bacterial species could also be 
conditioned to the killing action of comple- 
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TABLE I. Bactericidal Action Mediated by Escherichia coli Antiserum Against Salmonella Cells Which 
Have Been Coated with £. coli Antigens. 


Anti-E, eelt serum absorbed with 


S. miinchen tested against 
S. miinechen 


S. potsdam tested against 


S. ballerup tested against 


S. potsdam S. ballerup 


Final dilution —Unecoated—, ——Coated*—, ,—Uncoated— ——Coated*—~. —Uneoated— —Coated* 


of H.coli No.sur- % No.sur- % £No.sur- %@% No.sur- %@ No.sur- % No.sur %@ 
antiserum vived killed vived killed vived killed vived killed vived killed vived killed 
1:80 2790 Ot 2210 35 2920 0 1750 36 3310 0 2370 34 
1:320 2860 0 2290 32 2940 0 1860 32 3240 0 2610 as 
1:1280 2750 0 2610 24 2880 0 2470 0 3210 0 3050 16 
1:5120 2620 0 2650 22 2830 0 2680 0 3280 0 3230 0 
1:20480 2660 0 2930 15 2660 0 3540 0 
1:81920 2740 0 3010 0 
Controls 
Serum 2740 3360 2880 2750 3190 3580 
Complement 2780 3450 2880 2720 3220 3610 
Saline 2720 3460 2820 2700 3240 3550 
Titer <1:80 1:20480 <1:80 1:640 <1:80 1:1280 


* Coated with antigens extracted from £. colt. 


t+ Less than 159% of inoculum killed. 


Complement used was absorbed twice with Z, coli, and twice with S. miinehen, S. potsdam, or S. bal- 


lerup, respectively. 


TABLE II. Bactericidal Action of Anti-S. typhosa O 901 Serum Against Cells of Unrelated Bacterial 
Species, Coated with S. typhosa O 901 Antigens. 


Anti-S. typhosa serum absorbed with 


K. pneumoniae tested 
against K. pneumoniae 


S. marcescens tested 
against S. marcescens 


P. morgané. tested 
against P. morgant 


Final dilution —Uneoated—, ——Coated*—, —Uncoated—, ——Coated*—, —Uncoated—, ——Coated*— 


of S. typhosa No.sur- % No.sur- % £No.sur- % No.sur- % No.sur- % No.sur- @ 
antiserum vived killed vived killed vived killed vived killed vived killed vived Killed 
1:40 n.t.t n.t.t 2740 Ot 1750 35 3280 0 1680 — 27 
1:80 3010 0 2950 0 2670 0 2090 22 3210 0 1920 17 
1:160 2970 0 3010 0 2710 0 2740 0 3190 U 2310 0 
1:640 2990 0 3070 0 2690 0 2670 0 3240 0 2400 Q 
1:1280 3020 0 3110 0 2630 0 2740 0 3180 0 2360 0 
Controls 
Serum 2970 3180 2610 2740 3090 2300 
Complement 3030 3200 2570 2670 3160 2340 
Saline 3000 3160 2690 2630 3180 2370 
Titer <1:80 <1:80 <1:40 1:80 <1:40 1:80 


* Coated with antigens extracted from S. typhosa O 901. 


t Less than 15% of inoculum killed. 


t n.t. = not tested. 


Complement used was absorbed twice with S. typhosa O 901, and twice with K. pnewmentae, S. mar- 


cescens, or P. morgant, respectively. 


ment and of antibody specific for substances 
adsorbed to their surface. One strain each of 
Klebsiella pneumoniae, Serratia marcescens, 
and Proteus morgani was selected, and cells 
of these strains were exposed to a solution of 
antigens derived from Salmonella typhosa. 
The coated cells, as well as uncoated cells of 
the test strains, were then exposed to serial 
dilutions of an anti-S. typhosa serum which 
had been previously freed of natural anti- 
bodies against the test strains by suitable 
absorptions. The results, presented in Table 


II, show that both the S. marcescens cells and 
the P. morgani cells which had adsorbed anti- 
gens from S. ¢yphosa became sensitive to the 
bactericidal action of complement in the pres- 
ence of anti-S. tyvphosa serum, while the 
mucoid strain of AK. pneumoniae apparently 
failed to acquire sensitivity to this serum. 
Discussion and summary. The data pre- 
sented support the view that the bactericidal 
reaction is mediated by the reaction of anti- 
body (and complement) with antigens located 
at the surface of the bacterial cells. Since it 
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may be assumed, a priori, that sensitization to 
killing by complement requires attachment of 
certain minimum amounts of antibody to the 
cell, and this in turn depends on the presence 
of a sufficient number of specific antigen sites, 
the findings reported here may serve to ex- 
plain the reported successful sensitization of a 
heavily flagellated Proteus strain by anti- 
flagellar antibody(4), and the consistent fail- 
ure to observe sensitization of the less heavily 
flagellated Salmonella strains by antibody 
specific for their flagellar antigens. 

The apparent differences in acquired 
sensitivity of the various test strains to the 
bactericidal effect of complement and of anti- 
body specific for adsorbed antigens need not 
be considered significant. In some instances, 
such as in the case of the mucoid Klebsiella 
strain, resistance may be inherent in the strain 
(9), in other cases the composition of the cell 
surface may limit its capacity to adsorb the 
particular test antigen. Optimum conditions 
for adsorption were not extensively investi- 
gated. 

It is believed that findings presented here 


should be taken into consideration in the 


interpretation of apparently non-specific bac- 
tericidal activities of sera. Furthermore, since 
the bactericidal test is an extremely sensitive 


method for the detection of small amounts of 
antibody, further refinement ot the technic 
may lead to the development of methods suit- 
able for the detection of trace amounts of 
antibody against antigens that may be ad- 
sorbed to suitable bacterial strains. 


Conclusion. The bactericidal activity of 
complement is mediated by the reaction be- 
tween antibody and antigens located at the 
surface of bacterial cells. These surface anti- 
gens need not be constituents of the cell but 
may be substances which have been artificially 
adsorbed to its surface. 
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From the Department of Pathology, Pathological Institute, McGill University, Montreal, Canada, 


Glomerulonephritis has been induced in 
both rats and rabbits by a variety of experi- 
mental procedures(1-9). These have included 
intravenous injection of heterologous serum 
proteins(1-4), anti-kidney antibodies(5-7), 
and extracts of ground kidney and strepto- 
cocci(8,9). Most attempts to increase or de- 
crease the severity of experimental nephritis 


* This work was assisted by a Grant-in-Aid from 
the Defense Research Board of Canada. 

t+ Now at the Department of Pathology, Queen’s 
University, Kingston, Canada. 


have been made with so-called “nephrotoxic” 
nephritis, 7.e., that produced by injection of an 
anti-kidney serum from another species. This 
type of nephritis has been inhibited in rabbits 
by preliminary general exposure of the body 
to x-radiation(10). In rats nephrotoxic 
nephritis has been prevented by restriction of 
dietary protein(11). 

A very severe acute glomerulonephritis has 
been induced in rabbits by massive intraven- 
ous injections of bovine serum gamma globu- 
lin(12-14). The present report deals with the 
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effects of 2 additional factors upon the 
nephritis produced in this way. In the first 


experiment, it is shown that by exposing ani- 
mals to a cold environment during the experi- 
mental period, this globulin-induced nephritis 
is increased in severity, and possibly in in- 
cidence. A second group of experiments in- 
dicate that nephritis is completely prevented 
by relatively minor reduction in the animals’ 
food and water intake. 

Materials and methods. Seventy-two al- 
bino rabbits of mixed breed were used. All 
were maintained in separate cages, fed Ogilvie 
Miracle Chow and given tap water. Uni- 
lateral nephrectomy was done 3-6 weeks be- 
fore further treatment. The animals of 
Groups I-IV inclusive were injected intra- 
venously on 2 occasions 10 or 11 days apart 
with 1 g/kg body weight of purified bovine 
serum gamma globulin given as a 10% 
aqueous solution in 0.95% NaCl. The second 
injection was preceded by a desensitizing in- 
travenous injection of 5-10 cc of a 1% globu- 
lin solution. During the experimental period 
blood was drawn at various times from ani- 
mals of all groups for precipitin tests. Urine 
was collected daily from individual animals of 
all groups via a screen grid and metal funnel. 
Twenty-four hour urine output was measured 
and daily analysis for protein content was 
made as well as a microscopic search for red 
blood cells and casts. Animals were killed 
6 or 7 days after the second globulin injection 
and autopsies performed immediately. Tis- 
sues were fixed in Zenker-formol and micro- 
‘scopic examination made of heart, kidney, 
spleen, thymus, lung, and adrenals. The 
animals were divided into the following 
groups: 

Group J—Twenty-four animals were kept 
at room temperature and allowed ad Jib. food 
and water intake. They received 2 massive 
globulin injections as outlined above. Group 
JJ—Sixteen partly shaved animals were placed 
in a refrigerated room where the temperature 
fluctuated between —9.4°C and +4.4°C. 
After 3 days of exposure to low temperature 
these animals were injected with bovine serum 
gamma globulin, exactly as those of Group I. 
Apart from continuous exposure to cold, ani- 
mals of this group were treated in exactly the 
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same manner as those of Group I. Group IIT 
—Six animals, kept at room temperature, were 
treated in the same manner as Group I, ex- 
cept that each was restricted to 70 g of food 
and 130 cc of water per day. Group IV—Six 
animals, kept in the refrigerator and on the 
same restricted diet as those of Group III, 
were injected with bovine gamma globulin in 
the usual way. Groups V and VI consisted of 
10 animals each, serving as controls for 
Groups I and II. Group V was kept on ad 
lib. diet at room temperature and subjected 
to the same procedures (bleeding, urinalysis) 
as Group I. Group VI was handled similarly 
but was housed in the refrigerated room 
throughout the experimental period. The 
animals of Groups V and VI received no in- © 
jections of bovine gamma globulin. 

Results. Diffuse glomerulonephritis devel- 
oped in globulin-treated animals on ad Jib. diet, 
whether kept at room temperature or in the 
cold (Groups I and II). The severity of the 
disease was graded roughly as zero to 4 plus 
(13). The incidence of lesions of the various 
grades in these 2 groups of animals is shown 
in Table I. It is seen that whereas 75%. of 
the animals of Group I developed diffuse 
nephritis, similar renal damage was found in 
all animals treated in the cold (Group II). It 
was further found that severe (+++ to 
++-+-++) nephritis occurred in 29% of 
Group I animals, while 56% of animals of 


- Group IT had nephritis of this degree. 


There was no difference in the gross or 
microscopic features of the renal lesions in 
these 2 groups. The remaining kidney was 
usually larger in nephritic animals than in 
controls kept at the same temperature. The 
mean kidney weight for room temperature 
control animals (Group V) was 12.4 g, the 
largest being 16.0 g, compared to an average 
of 13.8 g in cold room controls (Group VI). 
Group I animals had an average kidney weight 
of 14.3 g, whereas those of Group IT had kid- 
neys averaging 17.8 g. Kidneys in which 
severe nephritis was present were usually dis- 
tinctly yellower and paler than normal, but 
not hemorrhagic. Microscopically these kid- 
neys showed diffuse damage to all glomeruli 
similar to that reported previously(13). The 
lesions corresponded in appearance to those of 
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TABLE I. Effect of Exposure to Cold on Incidence and Severity of Experimental 
Glomerulonephritis. 


———— I ncidenee———_, 


No. of -—Severity of nephritis—, % with Jo with severe 
Group amigas 0 = 2 84+ nephritis nephritis 
I. Room temp. 24 6 4 7 4 3 (i) 29 
(60.2-86.3)*  (17—-44.1) 
IL. Refrigerated 16 0 2 5 7 2 100 56 


(86,6-100) 


* Figures in parentheses represent confidence limits (%) at probability of .10. 


the extra-capillary glomerulonephritis of Fahr 
(15), or Type I nephritis of Ellis(16). 

Urinary changes of acute nephritis (pro- 
teinuria, cylindruria, hematuria) generally be- 
came manifest between 7 and 10 days after 
the initial globulin injection. The urinary 
changes in the animals treated at room tem- 
perature were less severe after the 10th day, 
but in animals treated in the cold, there was 
a secondary exacerbation between the third 
and sixth days after the second massive in- 
jection with globulin. Uremia developed in 
3 of the 40 treated animals and one died in 
uremia. 


Serum protein estimations on several of the 
animals showed a rise in globulin, and fall in 
albumin, coincident with the development of 
nephritis, and also at about the time when 
antibodies to the injected globulin became 
demonstrable in the sera. The details of these 
findings, together with more extensive studies 
in similar experiments will be published(14). 

The findings in animals of Groups III and 
IV were in striking contrast to those in the 
first 2 groups. In none of these animals was 
there any morphological evidence of glomer- 
ulonephritis, nor did any of them show per- 
sistent proteinuria during life. 

Table II shows relative daily weight gain 
in the various groups. It is evident that ani- 
mals of Group III gained only about half as 
much per day as animals on ad lib. diet, while 
those of Group IV registered only very slight 
weight gain. 

The results of ring tests to demonstrate 
precipitins to bovine gamma globulin are 
shown in Table III. It is evident that all 
globulin-treated animals on ad lib. diet had 
precipitins on the 10th day, whereas only 5 
of the 6 in Group III and one of the 6 in 


Group IV gave positive reactions at this time. 

Discussion. There seems little doubt that 
the diffuse glomerulonephritis which appeared 
in animals of Groups I and II was in fact 
produced by the bovine gamma globulin injec- 
tions they received. Similar lesions were not 
found in any of the unilaterally nephrecto- 
mized control animals (Groups V and VI), 
kept under identical conditions, nor were such 
lesions found in any of the kidneys surgically 
removed before treatment. The numbers of 
animals in the first 2 groups are too small for 
the difference in incidence of nephritis to be 
significant. However, within confidence lim- 
its of 0.005, the increased percentage of re- 
frigerated animals showing severe nephritis is 
statistically significant. 

It should be emphasized that grading of 
incidence and severity was done before any 
TABLE II. Effect of Dietary Restriction on Rate 


of Weight Gain and Development of 
Glomerulonephritis. 


Avg wt Avg No. with 
No. of when daily wt glomerulo- 

Group animals’ killed,kg gain,g ° nephritis 
I 6 2.66 2058 4 
It 15 2.33 25.2 15 
It 6 2.12 13.6 0 
LN 6 1.74 2.0 0 
V 10 2.81 25.8 0 
VI 10 2.60 26.2 0 


TABLE III. Effect of Dietary 
Antibody Production. 


Restriction on 
6 animals ineach group. 


Glomerulo- 
Group Day0 Dayl0 nephritis 
I 0* 6* 4 
IL 0 6 6 
Iil 0 5 0 
a 0 1 0 


* Figures indicate number of animals showing 
precipitins to bovine serum gamma globulin. 
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statistical calculations had been made. Fur- 
thermore, in the grading criteria employed, 
the difference between severe (+++ and 
+++-+) and mild (+ and ++) lesions 
was so striking as to render incorrect classi- 
fication in these categories very unlikely. 

The findings in animals of Groups III and 
IV indicate complete inhibition of experi- 
mental globulin nephritis, apparently pro- 
duced by minor general dietary restriction. 
Since all animals were otherwise treated in 
exactly the same manner, this suggests that 
inhibition was in fact the result of dietary 
restriction. 

We have suggested elsewhere(14) that the 
development of experimental glomeruloneph- 
ritis may be a function of quantitative anti- 
body response, é.e., the greater the amount of 
antibody produced, or the faster the rate of 
its production, the greater the liability to 
nephritis. The present findings are in agree- 
ment with this suggestion. While accurate 
measurements of food intake were not made 
on rabbits of Group II, it was noted that 
larger quantities of food were required to 
maintain their rate of weight gain. Further- 
more, refrigerated animals on restricted diet 
gained much less weight than animals main- 
tained at room temperature on the same diet. 
These findings seem to indicate a higher rate 
of metabolic turnover in the refrigerated ani- 
mals. Other investigators(17) have found 
that antibody protein participates in the gen- 
eral metabolic ebb-and-flow to the same ex- 
tent, and at about the same rate, as do other 
tissue and body proteins. It has also been 
reported that antibody production is increased 
in animals exposed to cold(18,19). It is pos- 
sible, therefore, that the increased severity of 
nephritis in animals exposed to cold was re- 
lated to a general increase in metabolic turn- 
over, in which increased antibody production 
was the determining factor. On the other 
hand, prevention of nephritis in animals on 
restricted diet appears to have been accom- 
panied by delayed antibody production. This 
is particularly noticeable in the refrigerated 
animals (Group IV). 

It is clear that further investigation will 
be required before much more can be said of 
the mechanism of the dietary inhibition of 
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nephritis. The fact that antibodies did ap- 
pear in some of the animals on restricted diet 
is in keeping with the suggestion that the de- 
velopment of nephritis may be related to the 
potency of the antibody reaction rather than 
to its presence or absence. 

It should be emphasized that any experi- 
mental procedure which impaired the animals’ 
appetites might produce a similar result and 
receive unjustified credit as a preventive. In- 
deed, certain experimental results reported in 
the past might profitably be reassessed in the 
light of this finding. 

Summary, 1. Eighteen (75%) of 24 uni- 
laterally nephrectomized albino rabbits given 
2 massive injections of bovine serum gamma’ 
globulin at 10 to 12 day intervals, developed 
lesions of acute diffuse extra-capillary glom- 
erulonephritis. The disease was severe in 7 
(29%). In 16 animals similarly treated, 
while continuously exposed to a cold environ- 
ment, nephritis developed in 100%, and was 
severe in 56%. It is concluded that these 
differences in severity are probably significant, 
and may be related to a general increase in 
metabolic activity, in which increased anti- 
body production is the important factor. 
2. None of 12 animals similarly treated while 
under mild starvation contracted nephritis 
whether maintained at room temperature or 
exposed to cold. Inhibition of nephritis ap- 
peared to be accompanied by impairment of 
antibody production. 3. In view of these re- 
sults it is suggested that the dietary status of 
animals in similar experiments must be evalu- 
ated before credit can be given any other 
therapeutic agent for prevention or inhibition 
of experimental nephritis. 
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periments. 

Methods. Experimental procedure. 1-meth- 
yl-1:4-naphthoquinone with C** in the methyl 
group was synthesized by Mr. R. V. Phillips. 
as described elsewhere(9). The specific ac- 
tivity was 4.10 x 10° counts per minute per 
mg (cpm./mg). The material was dissolved 
in corn oil and injected intramuscularly into 
dogs and mice. The mice were sacrificed at 
different time intervals and the activity deter- 
mined on aliquots of the dried tissues. To 
determine the activity of the dog tissues, the 
organs were boiled in dilute alkali and an 
aliquot counted Radicactivity measure- 
ments were made using a gas-flow type of 
Geiger-Miiller Counter. The efficiency of the 
counting system was checked frequently with 
a sample of C**-dicumarol used as a standard. 
Counts were corrected for background. ef- 
ficiency change with time, seli- jon. te- 
solving time and geometry. Twice the stand- 
ard deviation of the background was 94 


TABLE 1 Test of Radicactivity of Expired CO, 
of Mouse after Recdiring C+ Menadione. 


Wot Observed 
Sample BaOosz activity Tstal 
br counted.mge —tked ep m. activity 
0-11 ii 24 
11-17 26 7 Ps XA 
17-24 60 2B j 


3, 


N_A. = No significant activity. 
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c.p.m, and a count greater than background 
by this amount was considered significant. 
Values differing from background by less than 
this are reported as no activity (N.A.)., A 
depletion of vit. K in dogs was effected by a 
cholecystonephrostomy according to the Kap- 
sinow-Markowitz(10,11) technic, anastamos- 
ing the gall bladder to the right kidney, A 
total of 6 dogs were prepared in this way. A 
weekly check was made for the detection of 
bile in the feces and urine to ensure that the 
cholecystonephrostomy was complete, After 
death, the animal was checked at autopsy to 
make sure that the fistula was patent and that 
there were no other channels for bile. It took 
from one to 3 months after the cholecysto- 
nephrostomy for the prothrombin time to in- 
crease to double its normal value. Prothrom- 
bin times were determined by the usual 
method using 0.02 M calcium chloride solu- 
tion and a commercial rabbit-brain powder 
supplied by Cappel Laboratories, Wayne, Pa. 

Experiments with normal mice. Expired 
COs. To check the possibility of the radio- 
active methyl group being metabolized to 
COz, a 27 g mouse was injected with 1.0 mg 
of vit. Ks, placed in a metabolism cage for 
24 hours and the expired COs collected from 
the mouse. The results are shown in Table I. 
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WIG, 2, Radioactivity in mice after inj. of CM-vit, 
Ky. .1 mg/mouse intramuse, into right hind-leg. 
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It can be seen that there is no activity in the 
expired COy from a mouse, following C™- 
vit. Ky administration. 

Tissues, ‘Two series of mice were injected 
with the labelled vitamin and then sacrificed 
in succession at varying times. Twelve mice 
received 0.1 mg of vit. K and eleven received 
1.0 mg of the vitamin, Excreta were collected 
up to the time of sacrifice at which time, 
tissues and organs were removed. All samples 
were tested for radioactivity. The results are 
shown for blood and excreta in Fig. 1 and 2 
and for tissues in Table Il, The vitamin 

yas injected intramuscularly into the right 
hindleg and the latter was counted separately 
and reported as the activity of the injection 
site. In the case of the zero sample, the animal 
was sacrificed and the K then injected. 94% 
of the activity was recovered from the injec- 
tion site of this animal. It can be seen that 
the activity disappeared rapidly from the in- 
jection site in the first hour after the injection, 
leaving a small amount of residual activity 
in the depot. This rapid loss of activity 
from the injection site was accompanied by 
the appearance of activity in the blood. The 
total amount of activity in the blood was 
calculated on the assumption that the weight 
of the total blood volume was 10% of the 
body weight. With the larger dose, the ac- 
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TABLE II. Radioactivity of Tissue of Mice after Injection of C’-Menadione. 


Liver Lung Kidney Spleen Musele Carcass 

Time — Dose, me - ——--- —- ey 
after inj jul 1 pe a! mie a =f 1 A! 1 a if 
0 aN Ue oy ty nk 
5min ” 42 Gos 2g ped Bh ahi rio i fev igs 
15 vi r i .06 88 = .56 — 
20 ” ” 58 % 83 * ” = ae ae ay — 
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60 * .23 ‘e _ 75 (BA 4 _ —_ * fs 2,24 
84 1 iy ~ * 2.84 _ ‘ ~- " — ¥ 
3 hr id il 49) ria ” 17 x ” ee ” % as 

w 

6 _ 60 — Se —  .26 —_ 04 - 4.48 — 6.72 

9 % 45 % oS a a 4 * ‘ 4 * * 
21 
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15 ‘§ +32 36 — i 15 ef 4 — Kd 4 2.75 
20 bh mot 80588 : * 
24 r ‘ OP bis04 Po S60. 1 BS ee iu 
30 ” ” ” * K pe sd ” 

All values given as % of injected dose; 1 mg of C’-menadione = 4.10 K 10* counts/min. 

Mico 18-26 g weight, 
*No significant activity (<9.6 ¢.p.m./sample). 


tivity per mg of dry sample and consequently 
the total blood activity was approximately 
twice that with the smaller dose, and the ac- 
tivity could be detected for a longer period of 
time. 0.3% of the larger dose, and 3% of the 
smaller, distributed in the mouse total blood 
volume would be detectable. Relatively little 
activity was found in tissues. Liver, lung and 
kidney occasionally showed small amounts of 
activity. However, the values were just with- 
in the limits of significance and accounted for 
only 1% of the activity injected. Skin, bone 
and muscle of some mice were treated separ- 
ately with no significant activity showing. 
The results are included under carcass. The 
activity in the kidney may be explained as 
due to activity in glomerular filtrate and urine, 
since values of the same order were obtained 
on urine taken directly from the bladder. 
Activity in lung was observed in an irregular 
manner, in liver only with the 1 mg dose. 
In the latter case for the eight mice sacrificed 
between O and 12 hours, six had livers which 
gave counts more than 12.8 c.p.m. above 
background (significant at the 0.05 level) and 
the average activity in the liver was equivalent 
to 5 pg of vit. K. 30-40% of the activity 
injected was recovered in the urine. This 
excretion occurred largely in the first 3. hours 
after the injection. No activity was found 


in the feces, The gastrointestinal contents 
showed some activity reaching a peak 3 
hours after the injection for the smaller dose. 
The gall bladder and contents showed traces 
of activity coincident with that in the gastro- 
intestinal tract. 

Blood. In view of the small residual amount 
of radioactivity which appeared to persist in 
blood, in a further experiment a fractionation 
of the blood was attempted, both to concen- 
trate the activity and thus get a more accurate 
count, and to determine the fraction of the 
blood containing the activity. The fractiona- 
tion procedure followed was that of Cohn e¢ al. 
(12). Fourteen mice were injected with a 
total of 12 mg of vit. Kg. These were sacri- 
ficed at the end of 15 hours and the blood col- 
lected by cardiac puncture. A total of 6.0 
ce of blood was obtained from the 14 animals. 
The blood was drawn with a silicone-coated 
syringe and placed in a silicone-coated gradu- 
ated centrifuge tube where it was diluted with 
0.5 cc of 3.8% sodium citrate solution. The 
blood was immediately transferred to the cold 
room at —5°C for fractionation. After removal 
of 0.5 ce of blood for counting, the remainder 
was centrifuged at high speed. The plasma 
and white cells were drawn off separately and 
the red cells washed twice with 2.0 cc of iso- 
tonic saline. The wash from the red cells was 
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TABLE III. Radioactivity of Various Fractions 
from Pooled Blood of 14 Mice 15 Hr after 
Injection of C'-Vit. K. 


t m2 oN ° 
255 = 
ees | ae Wo 
@ beat ab aq SSE 
ReaD es cs) 8 Paes 
Fraction Sf So) ago wes 
Whole blood 10 1.40 29 
Hemoglobin it 1.15 23 
Washed r.b.¢. SHE 1.05 21 
W.b.c. and platelets 9.6 051 01 
Wash from r.b.e. 33 .282 .06 
and platelets 
Ghosts D.1 * 
Albumin, V. 22 244 05 
R-globulin, IT 4.5 * 
Prothrombin, III-1,2 2.6 ‘1 
Fibrinogen, I. II1-3 5.1 is 
Cholesterol, III-0 i: ae 
Cholinesterase, IV Sul ie 
Small albumins, VI 19) .109 .02 


* No significant activity. 


added to the platelets and w.b.c. and centri- 
fuged. The plasma was poured into a 50 ml 
plastic centrifuge tube and precipitated with 
ethanol, the fractions being prepared as de- 
scribed by Cohn e¢ al. The counts on the 
various fractions are shown in Table III. 
Significant activity was found in whole blood, 
hemoglobin, washed red blood corpuscles, 
white ceils and platelets, the wash from the 
r.b.c.’s and platetlets, and the albumin-frac- 
tion. The albumin (fraction V and VI) and 
the wash (from r.b.c.’s platelets) alone showed 
a sufficiently high-specific activity to give 
reliable estimates of activity. With the rela- 
tively gross errors in the estimations of ac- 
tivity on whole blood and hemoglobin, due to 
low specific activity, it is difficult to estimate 
how much radioactivity is associated with the 
latter but in as much as the wash from the 
r.b.c.’s had a higher specific activity than the 
albumin fractions and an equal total activity, 
this indicates that the r.b.c.’s showed a higher 
total activity than the albumins. There was 
definitely no activity associated with the 
fibrinogen, prothrombin or globulin fractions. 

Urinary products. In order to examine the 
nature of the radioactive urinary products, 
urine was subjected to paper chromatography. 
Fresh urine was used from a mouse which was 
injected with 2 mg of vit. Ks. Two drops of 
this urine placed on a one inch square of filter 
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paper registered 1.92 x 10° c.p.m. The solvent 
used was made up of 3 parts butanol to 1 part 
methanol and saturated with water, to which 
was added a few drops of acetic acid. Two 
drops of the urine was placed on one end of a 
filter paper strip one inch in width. These 
strips were suspended in beakers containing 
the solvent mixture and were developed for 30 
hours inside a large covered glass cylinder. At 
the end of 30 hours the strips were dried and 
cut in 1 cm lengths for counting. Fig. 3 shows 
the location of the radioactivity on the strip. 
A radioactive component with an R» value of 
0.41 is present. Two drops of 2 N acetic 
acid were added to 4 drops of urine and the 
sample was subjected to hydrolysis by heating 
at 100°C for 2 minutes. When a chromato- 
gram was developed in the same way a second 
component (Ry = 0.25) was observed along 
with a decrease in the amount of the first 
component. This second component has also 
been obtained consistently with urine that has 
stood some days, suggesting that this com- 
pound can be formed also by bacterial action. 


Experiments on cholecystonephrostomized 
dogs. Vit. K-deficient dogs were produced by 
performing a cholecystonephrostomy one to 3 
months prior to the experiment. At the time 
of the experiment, the animals had a pro- 
thrombin time of 11-20 seconds (normal—8.2 
seconds) and all showed a very pronounced 
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FIG. 3. Location of radioactivity on chromato- 
grams of urine after inj. of C'-vit. Kg. Mouse re- 
ceived 2 mg of C™-vit. K intramuse. into right 
hind-leg. © fresh urine; xX xX urine 
after heating in .5 N acetic acid. 1 register — 64 
counts, 
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FIG. 4. Exeretion of radioactivity and prothrom- 

bin time of choleeystnephrostomized dog. 1 mg/kg 

CY-vit. Kg inj. intramuse. at time zero. “———X 

prothrombin time in sec.; [J C[] urine from 
left kidney only; O———O© bile. 


clinical tendency to hemorrhage. The animals 
were anesthetized with nembutal, the left 
ureter cannulated to collect urine and the gall- 
bladder to collect bile. Hemorrhage from this 
procedure occurred and was controlled with 
topical thrombin, but the animals died in 5 
hours, One mg of radioactive vit. K per kg 
body weight was injected intramuscularly into 
the right hind-leg. Blood, urine, and bile 
samples were taken at intervals for determina- 
tions of radioactivity and aliquots of all tissues 
were taken at autopsy. The results of one 
experiment are shown in Fig. 4. The dog 
weighed 6.8 kg and had a prothrombin time 
of 19.4 seconds. 6.43 mg of C1*-vit. K; were 
injected intramuscularly into the right leg. 
Samples of blood, urine and bile were with- 
drawn simultaneously at 1, 5, 15, 30, 45 and 
60 minutes, then at the 2-, 3- and 5-hour 
intervals after the injection. 0.2 ml of blood 
was used for counting each time. No activity 
was found in the blood. The prothrombin 
time and excretion of radioactivity in the urine 
and bile are shown in Fig. 4. The dog died 5 
hours after the injection. On death, tissues 
were removed for measurement of radioac- 
tivity. The liver, blood, bone marrow, heart, 
spleen and kidneys showed no activity. The 
intestines with contents contained 16.4%, 


the site of injection 30.4% and the lungs 
3.2%. Total activity of the urine samples 
collected from the left kidney was 9.0%, 
from the urinary bladder at the end of the 
experiment (right kidney) 5.0% and in the 
bile was 6.0% of the injected dose so that 
70% of the activity injected was recovered. . 
Urinary excretion of activity began thirty 
minutes after the injection and was at a 
maximum between the 1st and 2nd hour. The 
rate of excretion of activity in the urine in 
Fig. 4 is somewhat difficult to interpret as it 
must be noted that this is only for one kidney. 
Also there is the possibility that this kidney 
may be hyperactive with regard to urine 
secretion in order to compensate for the 
atrophied condition of the right kidney. How- 
ever, the right kidney was found to be at 
least partially active as shown by the pres- 
ence of activity in the urine collected from the 
bladder at the termination of the experiment. 


In view of the smaller dose of labelled 
vit. K (1 mg/kg) given to the dog compared 
to the mouse, it would not be possible to de- 
tect activity in any tissues in this experiment 
unless a marked accumulation and concentra- 
tion of activity had occurred. For instance, 
if the 2.6 x 10° c.p.m. were uniformly dis- 
tributed in the total blood volume, there 
should be 388 c.p.m./ml of blood or 77 c.p.m. 
per sample counted. Hence it was necessary 
for over 10% of the injected dose to be pres- 
ent in the blood for it to be detected, and 
similarly 3% of the dose in the liver. 'How- 
ever, with these limitations, no activity was 
present in the blood or liver. In contrast, a 
just significant amount of activity was present 
in the lungs. A second animal gave identical 
results except that no significant activity was 
found in the lungs. 


Discussion. The highest dose, 1 mg per 
mouse, is as high as can be used safely if 
pharmacological effects are to be avoided. In 
a 20 g mouse this dose is equivalent to 50 
mg/kg body weight which is the LD, by 
the intraperitoneal route(14). 

There is a very rapid absorption of the 
vitamin on intramuscular injection in both 
mice and dogs. One dog had no activity left 
at the site of injection within 5 hours, where- 
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as the other dog still had 30% present at the 
end of 5 hours. In the mice experiments it 
was found that 80% had been absorbed by 
the end of 4 hours. After the eighth hour 
there appeared to be very little further absorp- 
tion, with activity still remaining after 35 
hours. No pathological studies were made of 
the site of injection. However, Lord, Andrus 
and Moore(13) reported that no toxicity was 
evident at the site of intramuscular injections 
of menadione in corn oil in rats. The rapid 
rate of absorption of the vitamin from the 
site of injection in the mice is reflected in a 
rapid rise in blood activity. At each dosage 
level the amount of activity in the blood rose 
within 10 minutes to a maximal value of about 
6.3 and 1.6% respectively and this level was 
maintained for hours. 

A cholecystonephrostomy appeared to be 
effective in establishing a depletion of vit. K 
in dogs as evidenced by the very profuse 
hemorrhage on laparotomy. Depending upon 
individual variation between animals it took 
from one to 3 months to increase the pro- 
thrombin time to double its normal value. 
From the results reported it may. be seen that 
the prothrombin time was back close to the 
normal value within 5 hours after the in- 
jection of radioactive vit. K. Andrus and 
Lord(15), working with rats, found that as 
little as 2 mg of menadione injected intra- 
muscularly restored the plasma prothrombin 
by as much as 48% and the effect was evident 
as early as 8 hours after the injection. Garnett 
(16) found that a single intramuscular in- 
jection of vit. K in chicks with a prolonged 
blood coagulation time due to a diet deficient 
in vit. K, reduced the time to normal within 
one hour with a minimum effective dose of 
0.135-0.27 mg in 3-week-old chicks weighing 
about 100 g. 

Only in the mice receiving 1 mg (circa 40 
mg/kg) was any activity found in the liver. 
An activity amounting to about 0.4% was 
present up to 15 hours after which time no 
further activity could be found. No activity 
was found in any of the dog livers. This 
observation shows quite definitely that the 
liver does not concentrate vit. K in contrast to 
dicumarol. Jaques and Spinks found that 
20% of injected C' dicumarol could be re- 
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covered from the liver. The activity of 10- 
20% of an equivalent injection of vit. K 
(0.25 mg) should have given 10°-2 x 10° c.p.m. 
Actually, 1.0 mg of vit. K was administered 
and 20% (200 pg) would have an activity of 
8.2 x 10° c._p.m. Canessa(7) gives values for 
the concentration in normal liver in different 
species equivalent to 20-250 pg of menadione 
per 100 g of tissue. A trace of activity was 
found in kidney and occasionally in lung and 
these gave actually higher specific activities 
than liver. The appearance of activity in the 
bile of the dogs indicates that a portion of the 
activity is excreted via this route. This is also 
indicated by the rapid appearance of activity 
in gall bladder and gastrointestinal tract in 
the mice. However, since it does not appear 
in the feces, this must be reabsorbed in the 
lower intestinal tract to explain the rapid fall 
in radioactivity of the gastrointestinal con- 
tents reported in Fig. 2. 

From time to time, it has been postulated 
that vit. K serves as a prosthetic group of pro- 
thrombin, in which case the radioactive carbon 
should be recovered from prothrombin, after 
time has been allowed for synthesis to occur. 
However, the residual activity which appeared 
fixed in the blood was not attached to pro- 
thrombin. The albumin was the only fraction 
of the plasma proteins with which activity was 
associated. It had an activity of 0.07%. 
Fieser(17) found 75% of the vitamin in blood, 
bound to the albumin fraction. As shown in 
Table III, a larger quantity (0.23%) was 
found associated with the red cells. As no 
activity could be detected associated with the 
ghosts on hemolysis the activity must either 
be adsorbed on the red cells or combined 
with hemoglobin. 

It was found in the mice experiments that 
there is a very rapid elimination of activity 
by the kidneys. Maximum excretion (total- 
ling about 30%) is attained within 3 hours 
and no further increase was noted even after 
24 hours. Urine samples from the bladder of 
15-, 20- and 30-hour mice showed only 1% 
activity present and this is a further indica- 
tion that after the first 3 hours, there is no 
further significant elimination by the kidneys. 
This maximal value of excreted activity of 
30% corresponds with Richert’s(18) observa- 
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tions on rabbits that 31-42% of a quinone 
was excreted in the urine after menadione 
administration, although he later reported 
that oxidative hydrolysis with ceric sulfate 
yielded quinone values 30% higher than by 
the previous hydrochloric acid procedure. 
Richert identified the product in the urine 
as 4-hydroxy-2-methyl-1-naphthyl _ sulfate. 
Doisy(19) has reported that when menadione 
is administered to rats 13-20% is excreted in 
the urine of which a part appears to be a 
8-glucuronide. Although no colorimetric an- 
alysis for the presence of a quinone was Car- 
ried out, it may be gathered that it is excreted 
in a conjugated form. Richert found it neces- 
sary to hydrolyse the urine to obtain the color 
reaction and in the chromatographic analyses 
which were carried out on the active urine, the 
activity was found to undergo hydrolysis very 
readily giving rise to two compounds contain- 
ing activity. Further, from the chromato- 
graphic work it was also seen that such 
hydrolysis would occur spontaneously due to 
bacterial action, so that evidence for the 
excretion of only one compound containing 
activity would be found only with fresh urine 
samples. 

It was found in both normal and chole- 
cystonephrostomized animals that there was 
no concentration of vit. K by the liver. This 
is in direct contradiction to the previous wide- 
ly accepted belief that vit. K goes to the liver. 
Andrus and Lord(15) showed there was some 
antihemorrhagic factor present in liver. Since 
vit. K is not stored in the liver, an alternative 
hypothesis is that vit. K is material for pro- 
thrombin synthesis. If so, one would expect 
to find. some activity in the prothrombin 
moiety itself since the liver is the site of 
formation of most of the plasma proteins. 
However, this was not the case. It is also to 
be noted that there was no activity in the dog 
bone marrow, although it is believed that some 
prothrombin formation may take place there 
also(5). The only alternatives left are (i) 
that the labelled methyl group does not par- 
ticipate in the physiological action of vit. K 
or (ii) that as no storage occurs, vit. K ac- 
tivity is dependent directly on blood levels 
of the vitamin. The first alternative seems 
very unlikely in view of the fact that only 


compounds with the methyl group are active, 
although experiments with vit. K labelled 
in some other position would provide more 
direct evidence. A marked dependence of 
prothrombin level on vit. K absorption has 
been shown by Mann ef al.(20). With drain- 
age of all abdominal lymph, a marked fall in 
the blood prothrombin level resulted within 
18 hours. If we assume that vit. K is the 
only factor affecting prothrombin removed 


in this latter experiment it indicates a very 


marked dependence indeed on blood levels. 

Summary. C**-menadione (2-methyl-Ct+- 
1:4-naphthoquinone) was prepared and ad- 
ministered intramuscularly to mice in doses of 
1 and 0.1 mg, and to cholecystonephrostomized 
dogs in a dose of 1 mg/kg. The radioactivity 
was rapidly absorbed from the injection site 
and excreted in the urine, with only traces 
being detected in the blood. Quantities of 
radioactive material were not stored in any 
tissue. With the largest dose (1 mg/25 g 
mouse) a trace of activity was found in the 
liver and lung. The activity in the urine was 
attached to a single compound but a second 
component appeared on mild hydrolysis of the, 
urine. 


We are greatly indebted to Dr. J. M. Pepper for 
supervising attempts of one of us (P.S.) to syn- 
thesize Cl4-menadione, to Miss Erica Lepp, who 
performed the prothrombin times, to Miss R. 
Keeler, who supervised the operating technics, to 
Mr. D. Wilson for assisting with the radioactivity 
measurements, to Dr. G. J. Millar for the plasma 
protein fractionation, to Dr. James Campbell for 
instruction in catherization technics. 
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Effects of Intravenous Administration of Dextran on Renal Function.*+ 


(19460) 


J. W. Freminc, W. H. Carcity, anp W. L. Bioom. 


(Introduced by J. V. Warren.) 


From the Medical Research Laboratory, Veterans Administration Hospital, Chamblee, Ga., and 
the Department of Medicine, Emory University School of Medicine, Atlanta, Ga. 


Expansion of the plasma volume produced 
by the intravenous infusion of human albumin 
and plasma is usually associated with an in- 
creased rate of renal plasma flow and occasion- 
ally with increased rates of glomerular filtra- 
‘tion(1-3). Since it has been demonstrated 
that partially hydrolyzed dextran is an effec- 
tive plasma volume expander(4-6), a study 
has been made of the effects of the intravenous 
administration of this substance on various 
renal functions. 


Methods. Thirteen World War II male 
veterans, ages 27 to 34, who were normoten- 
sive, afrebrile, and well hydrated and who had 
no evidence of renal disease, were studied at 
rest and in the fasting state. Since the pres- 
ence of large amounts of dextran interferes 
with the determination of inulin in plasma 
and urine, glomerular filtration rate was meas- 
ured by the endogenous creatinine clearance, 
using Hare’s creatinine method(7). Para- 
aminohippurate clearance (Cpa) and meas- 


* Reviewed in the Veterans Administration and 
published with approval of the Chief Medical 
Director. Statements and conclusions of the authors 
are the result of their own study and do not neces- 
sarily reflect the opinion or policy of the Veterans 
Administration. 

+ Aided by a’ grant from the American Heart Asso- 
ciation. 


urements of tubular excretory mass (Tmpay) 
were performed as described by Goldring and 
Chasis(8), including bladder catheterization. 
Hematocrit determinations were done accord- 
ing to Wintrobe. In subjects 1-7 the pro- 
cedure was as follows: After 2 control clear- 
ance periods, 500 cc of 6% dextran in normal 
saline} were given intravenously at the rate of 
25 cc/min. Eight to 45 minutes after the ter- 
mination of the infusion, 2 or more clearance 
periods were obtained. Subjects 8 and 9 re- 
ceived 1000 cc of 6% dextran; patient 10 was. 
given 1500 cc; repeat clearances were begun 
immediately after the infusion was completed. 
In subjects 11-13, control clearances and 
Tmpay determinations were done on the first 
day. The following day 1000 cc of 6% dex- 
tran were administered intravenously, and the 
above procedures were then repeated 45 min- 
utes to 2 hours following infusion. In 2 ad- 
ditional subjects a catheter was placed in the 
renal vein and simultaneous arterial and renal 
venous samples obtained for determination of 
PAH extraction before and immediately after 
the injection of 1000 cc of 6% dextran. All 
figures for clearances and Tmpay in the tables 
have been converted to a body surface area 
of 1.73 sq.m. 


+ “Expandex,” supplied by Commercial Solvents. 
Corp., Terre Haute, Ind. 
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TABLE I. Studies with 500-1500 ce 6% Dextran. 


Creatinine Filtration 
Amt dex- clearance PAH elearance fraction 
Pt. tran (ec) Before After Before After Before After 
Le 132 146 508 588 26 25 
2 106 132 565 722 19 18 
3 122 128 559 704 22 18 
4 500 94 102 455 472 21 22 
5 126 155 640 829 20 19 
6 156 162 675 701 23 23 
e 157 166 (Aefee 732 20 23 
‘ i 5) rs 
8 i 1000 121 alata 489 435 25 Bo 
9 \\ 113 118 360 456 Od 26 
10 1500 193 204 973 859 20 24 


TABLE II. Studies with 1000 ce 6% Dextran (24-48 Hr Between Before and After). 


Creatinine 

clearance PAH clearance 
Pt. * Before After Before After 
11 ES 105 525 523 
12 131 124 623 593 
13 114 106 600 410 


Filtration Tm PAH 
fraction (mg/min) 
Before After Before After 
22 20 85 84 
21 Dak 71 78 
19 .26 70 79 


Results. Results of the administration of 
500-1500 cc of dextran are presented in Table 
I. Creatinine clearance increased in all but 
one of the subjects, but the increase, based on 
previous experience, was considered significant 
only in subjects 2 and 5. PAH clearance in- 
creased in 3 subjects (Subjects 2, 3, and 5), 
changed very little in 4, and decreased in sub- 
jects 7,8, and 10. Calculations of renal whole 
blood flow from Cpay and hematocrit deter- 
mination revealed increases of 103 cc/min. 
and 252 cc/min. in subjects 3 and 5, respec- 
tively, and a decrease of 43 cc/min. in sub- 
ject 4. In subject 10, who received 1500 cc 
of dextran, the hematocrit fell from 41 to 32, 
and the renal blood flow decreased from 1650 
to 1141 cc/min. From Table II it may be 
seen that with the exception of a decrease in 
Cran in subject 13, Coy, Cran, and Tmpay 
were not affected by the administration of 
1000 cc of dextran. 

Since a decreased renal extraction of PAH 
has been found after the rapid infusion of 
human serum albumin(1), this was measured 
in 2 additional subjects and found to be 89% 
and 92% before and 88% and 91% after 
dextran. 

Discussion. The dextran solution used in 
these studies was essentially isosmotic with 


plasma, and previous work(4-6,9) has shown 
that the increases in plasma volume produced 
by it are roughly equivalent to the amount ad- 
ministered. In this respect our results might 
be expected to differ from those reported by 
Bradley(2) and Cargill(1) where plasma 
volume expansion was produced by the on- 
cotic action of concentrated albumin solution. 
A more comparable study is that of Wilson 
and Harrison(3) who administered 900-1955 
cc of plasma to normal human subjects and 
found that the blood volume was increased in 
each instance by approximately the amount 
infused. These authors report changes in exo- 
genous creatinine clearance ranging from —4 
to +228 cc/min., with an average of +83 
cc/min. Cpap increased in every instance, 
ranging from +92 to +1008 cc/min. and 
averaging +-514 cc/min. We are unable to 
explain our failure to find similar changes 
when the plasma volume is expanded by dex- 
tran. It is possible that the renal vasodilata- 
tion produced by plasma and albumin is due 
to the direct action on the kidney of an un- 
identified substance in these solutions and not 
to the concomitant increase in plasma volume. 

Summary. Following the intravenous ad- 
ministration of 500-1500 cc of 6% dextran 
solution in 13 normal subjects there were no 
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marked changes in clearance of PAH and 
creatinine or in Tmpay. 
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Most experiments reported in the literature 
on the calcification of hypertrophic rachitic 
cartilage in vitro depend on 16 to 20 hour in- 
cubation periods. Generally, these have been 
performed with minimal concentrations of 
calcium and inorganic phosphate. We have 
observed that calcification can proceed with 
unexpected rapidity in organic phosphate 
ester, and that the characteristic line of cal- 
cification may be observed after as little as 
5 minutes incubation. 

Methods. Slices of epiphyseal cartilage 
were prepared from bones removed from 
young rats, which had been made rachitic by 
feeding them a modified Steenbock and Black 
diet No. 2965(1). They were shaken in a 
water bath at 37°C for varying periods of time 
in calcification medium, as described by 
Miller, Waldman, and McLean(2), then 
stained with 2% AgNOs, and cleared with 
oil of isosafrol. Phosphate was supplied as 
inorganic phosphate, from a stock solution of 
0.1 M phosphate buffer, pH 7.4, or as di- 
sodium monophenyl phosphate. Inorganic 
phosphate liberated from the organic ester 
was determined by the method of Gomori(3) 


* These experiments, performed in 1946-7, were 
supported by a grant from the National Institutes 
oi Health, Public Health Service. 


+ Present address, Children’s Cancer Research 
Foundation, Children’s Medical Center, Boston, 
Mass. 


after removal of the slices and precipitation 
of the contents of the flask with an equal 
volume of 10% CClz;COOH. The calcifica- 
tion score used is that described by Sobel, 
Goldfarb, and Kramer(4). 

Results. In a medium which contained 
only inorganic phosphate a wide line of cal- 
cification was noted in 5 of 6 slices after 8 
hours incubation in the highest concentration 
of phosphate, 5.0 mM (Exp. 1, Table I). 
The density of the calcium phosphate deposit 
increased after 22 hours incubation. Little or 
no calcification was noted up to this time with 
2.0 or 3.0 mM inorganic phosphate. In the 
presence of organic phosphate ester, however, 
all the slices showed calcification after only - 
one hour incubation. At this time, the con- 
centration of inorganic phosphate attained in 
the medium due to hydrolysis of disodium 
monopheny! phosphate was only 1.7 mM. As 
in the experiment with inorganic phosphate, 
the density of the bone salt deposit became 
greater with more prolonged incubation. 

In order to determine how rapidly salt de- 
posit can occur in organic phosphate ester, a 
second experiment was performed with a 
higher concentration of Ca**, 2.0 mM. Flasks 
were removed from the incubator after various 
intervals of time, from 5 to 60 minutes. Be- 
ginning calcification was noted in 1 of 4 slices 
after only 5 minutes, when the inorganic 
phosphate content of the medium had reached 
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TABLE I. Rate of Calcification of Rat Hypertrophic Rachitie Cartilage Slices in Inorganic and Organic 


Phosphate. 
2. -—Inorganic phosphate—, ~——— Disodium monophenyl phosphate 
:: Inorganie 
gi Exp. Incuba- Ca*t, Cone., Conc., PO,-liber- 
3 No. tion mM mM = _—sCaileification score mM Calcification score ated, mM 
Ps 
3 1 { 2 6—0 
lhr ul i 3 aa | 3—4+,1—2(44+),2—3(44+) 17 
5) 6=( | 
2 6—0 | 
? 2 ul 3 4—0, 2=+ 1=3-+-,4=2(4+-),1=3(4+) 3 
5 5=0 | 
2 5=0 
3 1 3 a : 33 4 1=4+, 4=2(4+) 4.3 
o (2 feces Ree Eolas | 
2 4—0, 1=+ | 
8 ni 3 5 coe a | 3=2(4+-), 2=3(4+) 7.2 
oO 32, ) 
l 1=3( 4+), l= 
ae 20) a 
22 a { 3 2=—0, 2—+ , 12+ 3=2(4+-), 2=3 (4+) 22.6 
PAG § 2=3+,1=4+ 
) 2—=2(4+-) 
2 5 min 2 20; 13-5 15 
10 2 3=—4+- ,1=—3+,1=+ .26 
15 2 33 } 5=2(44+) BD 
30 2 | 1=4-+, 4—2(4+) 61 
45 2 2—2 (4+), 8=4+ 70 
_60 2 1=34-, 2=2 (4+), 1=3 (4+) 86 


See text for a discussion of the density of calcification. 


a level of only 0.15 mM (Exp. 2). The line 
of calcification was very narrow and extremely 
faint, but was characteristic and in the normal 
position. After 10 minutes, 3 of 5. slices 
showed a narrow line of calcification extending 
across the provisional zone of calcification 
(4+), but still extremely faint. After 15 
minutes incubation, all the slices exhibited a 
wide band of calcification which extended 
across the provisional zone of calcification 
and included the primary tongue of cartilage. 
Both the width of the band of calcification 
and the density of the calcium phosphate de- 
posit increased with time of incubation. After 
one hour, when calcification was marked, the 
inorganic phosphate content of the medium 
chad reached a level of only 0.86 mM. 
Summary and conclusions. 1. In the pres- 
ence of organic phosphate ester, calcification 
ae of hypertrophic rachitic cartilage slices occurs 
with great rapidity and at what appears to 
. ‘be an extremely low concentration of inorganic 
phosphate. The estimated concentration of 


inorganic phosphate ester is undoubtedly de- 
ceptive, because it does not indicate the con- 
centration which prevails in the immediate 
vicinity of the slice and in the slice itself. 
This is probably extremely high because of 
degradation of organic phosphate ester by al- 
kaline phosphatase in the bone slice, and the 
limited rate of diffusion of phosphate away 
from the slice. 2. Our results also indicate 
that in a very short time the outline of the 
final calcification pattern is formed, and the 
density of the bone salt deposit then increases 
with time. 


1. Hess, A. F., Weinstock, M., Rivkin, H., and 
Gross, J., Proc. Soc. Exp. Brox. AND MEeEp., 1929, 
v27, 140. 

2. Miller, Z. B., Waldman, J., and McLean, F. C., 
in press. 

3. Gomori, G., J. Lab. Clin. Med., 1942, v27, 955. 

4. Sobel, A. E., Goldfarb, A. R., and Kramer, B., 
J. Biol. Chem., 1935, v108, 395. 
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Metabolic Relationship Between Acetoacetate and Glucose. 


(19462) 


Mapas CHANpRA NATE AND VIRENDRA KUMAR SAHU. 


Krom the University Department of Biochemistry, Nagpur, India, 


Glucose has long been known to lessen the 
extent of ketonuria(1-5). According to 
Harry et al.(6) ketolysis rather than antiketo- 
genesis is apparently the primary mechanism 
whereby metabolism of carbohydrate brings 
about diminution of ketonuria, West(7) suc- 
ceeded in condensing glucose with ethylaceto- 
acetate, in vitro, to give rise to a product 
which was shown to be 2-tetra hydroxy butyl 
5-methyl 4-carbethoxy furan (Gonzales 
(8,9)). Since Shaffer(10) put forward. his 
interesting theory on ketolytic role of glucose, 
there have been many speculations as to 
whether glucose or some active derivative of 
it accelerates combustion or oxidation of the 
acetoacetate molecule by a definite chemical 
union of the nature of condensation or by 
merely exerting a catalytic effect. Soskin and 
Levine(11) reported that the rate of utiliza- 
tion of glucose is within certain limits propor- 
tional to the height of the blood sugar level 
in normal as well as diabetic animals. It has 
been found in this laboratory(12,13) that the 
intermediary fat metabolites when injected in 
the normal rabbits bring about a rise in blood 
sugar. As suggested earlier by Nath(14) and 
recently by Best and Taylor(15), this imme- 
diate rise in blood sugar as a result of the 
acetoacetate injection may be due to a physio- 
logical response to combat the disturbed 
situation and may, therefore, be considered 
as a protective phenomenon, 

In vivo, as well as in vitro studies were, 
therefore, undertaken to throw some light on 
these points and to explore whether there is 
any metabolic relationship between glucose 
and acetoacetate that might exist in the living 
body as a natural mechanism for the diminu- 
tion of ketone bodies, 

Yaperimental, In vivo studies, A set of 36 
healthy male rabbits, having fasting blood 
sugar values between 108 and 116 mg_ per 
100 cc of blood, were selected. Blood was 
taken from the marginal ear veins and blood 
sugar estimated according to the method of 
Hagedorn and Jensen(16). Samples were col- 


lected after fasting for about 18 hours. All 
injections were subcutaneous. The Na aceto- 
acetate and glucose injected were always in 
equimolecular proportions and calculated from 
the molecular weight of the condensation 
product of the two. As this compound is not 
highly soluble in water at 37°C, the aqueous 
suspension was administered subcutaneously 
by a bovine needle. 

In vitro studies. Glucose 60 mg with 1 ec 
of whole blood and 20 cc of M/15 phosphate 
buffer of pH 7.3 was incubated at 37°C for 
24 hours. The amount of glucose utilized was 
then found by estimating the amount of 
glucose remaining according to the method of 
Hagedorn and Jensen(16). The above ex- 
periment was next repeated with Na aceto- 
acetate and condensation product respectively 
in different amounts. 

Discussion, It is evident from Table I 
(A and B) that both acetoacetate as well as 
glucose, when injected in very low doses, 
cause a distinct rise in blood sugar values. 
But no such rise could be observed even when 
a high dose of acetoacetate (341.7 mg/kg) 
was followed immediately by an equimolec- 
ular amount of glucose (496 mg/kg), or, 
when the condensation product of the two 
(223.2 mg/kg) was administered subcutane- 
ously, this indicated nicely that there is pos- 
sibly some metabolic relationship between glu- 
cose and acetoacetate in the living body, a 
finding which is in accord with Hawk(17), 
that “It appears likely that glucose facilitates 
acetoacetate combustion in the living or- 
ganism,” 

It was also observed that if acetoacetate 
alone is injected in the high dose, the animals 
showed signs of uneasiness and restlessness, 
but when the high dose was immediately fol- 
lowed by its equimolecular amount of glucose, 
these symptoms soon disappeared. It was 
further noted that the high dose of acetoace- 
tate brings in the urine of a normal healthy 
rabbit a considerable increase in specific 
gravity. But no such harmful effect was ob- 
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TABLE I. Showing Glucose Tolerance of Animals (Rabbits) on Injection of Acetoncetate and Glucose, 
Administered in Their Equimoleeular Proportions, Individually and One Immediately Followed by the 
Other, and Also Their Condensation Product, 


Dose, Avg blood sugar values and stand, dey, 
No. of mg/kg (mg/100 ec) after 
Dose animals Substance inj. body wt Ohr Vy Wi 1% hr 2% hr 
5) Na acetoacetate 50 113° +2 130,4--1,9 140,.6+-2.4 184 2.6 
2 Glucose 72.6 113,5+1,5 126.5+1.5 113.5 6 118,62%1.5 
Low 5 Na acetoacetate, immedi- 50 115 +2 106.6419 109 2.9 100,62.7 
g : ately followed by glucose 72.6 
= 6 Condensation product of glu- = 110.5 118 42.4 115 +19 109 +2.38 101 42.8 
cose and ethylacetoacetate 
7 4 Na acetoacetate 841.79 112.841.0 175 +2.7 183 +31 179 +26 
‘ 2 Glucose 496 113.56+1.5 169 +1 L02 1 113, 5%1,5 
High 6 Na acetoacetate immedi- 341.7 108 +34 116 +1.6 111 +35 100 44,2 
ately followed by glucose 496 
6 Condensation product of glu- 223.2 VA +2.2 . 115,8+-2.4 115 +2.1 119 +19 
cose and ethylacetoacetate 
; TABLE TI. Showing Glucose Utilization With and Without Na Acetoacetate or Condensation 
q Product. (60 mg of glucose with 1 ce of whole blood, and 20 ee of M/15 phosphate buffer of 
‘ pH 7.3 incubated at 37°C for 24 hr with different amount of condensation produets and Na 
‘ acetoacetate respectively). 
‘ Avg values for 
: Amt of con- Amt of Na glucose util Avg % of 
x No. of densation acetoacetate ized (mg) and ~~ glucose 
7. experiments product (mg) (mg) stand, dey. utilized® © 
} rawr 0 0 45 + 2.2 73 
B. 2 11.41 0 45 + 4 73 
2 22,83 0 44 + 0) 72 
Z 45.66 0 8+ 0 71.8 
pI 4 91,33 0 2+ 3,1 70.6 
; 3 182.66 0 35 + 2.9 56 
C. 2 0) 5.16 5+ 0 73 
; 2 0 10.33 42 +2 70.6 
2 i) 20,66 41+ 0 70 
5 0 41.33 82 + 7.2 49.6 
3 0 $2.66 21 + 2.8 29.8 
3 0 123.99 18+ .255 23.4 
1 Bysss, 4: 91.33 41,33 27 + 5.9 40,6 


blood were subtracted from observed values. 


served on immediately following the above 


* In caleulating avg % of glucose utilization, blank values obtained in experiments without 


condensation product (300 mg/kg) given sub- 


high dose by its corresponding amount of glu- cutaneously to a normal rabbit, fasted for 
4 cose. Further, when the subcutaneous in- nearly 18 hours, did not raise the ketonemic 
. jections of both substances continued for some Jevel from its initial value. ‘The estimation 


days there was no diuresis, but was observed 
: in the animals receiving acetoacetate alone. 
___ Also the condensation product of glucose and 
ethyl acetoacetate administered subcutane- 
ously to a normal rabbit, in the high dose of 
223.2 mg/kg, had practically no abnormal 
effect on the system, i.¢., no glucose, acetone, 
albumin were observed in the urine of treated 
animals, neither was there diuresis or rise in 
_ specific gravity. Further, the high dose of 


was done by the method of Behre and Bene- 
dict(18) at intervals of 2, 4, and 6 hours, 
respectively. 

In vitro studies (Table Il) indicated aceto- 
acetate in small amounts of 5.16, 10.33, and 
20.66 mg respectively, had practically no in- 
hibitory effect on normal glucose utilization. 
But in appreciable amount (41.33 mg) it 
exhibited a distinct inhibitory effect on normal 
glucose utilization. On gradually increasing 
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the concentration of acetoacetate, such in- 
hibition became more and more pronounced. 
On the other hand the condensation product 
of glucose and ethylacetoacetate was found to 
be without any inhibitory effect on the normal 
glucose utilization up to a concentration of 
91.33 mg, 7.e., an amount equimolecular to 
41.33 mg of acetoacetate. With amounts 
greater than 91.33 mg, the condensation prod- 
uct did show some inhibitory effect but very 
much less than that exhibited by correspond- 
ing amounts of free acetoacetate alone. In 
one set of experiments (Table II, D) wherein 
both condensation product and acetoacetate 
were kept, it was noted that the free aceto- 
acetate together with the chemically combined 
form (condensation product) shows better 
utilization of glucose than the corresponding 
amount of free acetoacetate alone. Thus im 
vitro findings revealed the inhibition of normal 
glucose utilization by increased concentration 
of acetoacetate. It appears likely that in- 
creased concentration of acetoacetate very 
probably seriously impairs the metabolic re- 
lationship between glucose and acetoacetate, 
perhaps through the process of inactivation of 
the enzyme in the system, also obtained by 
Nath and Hatwalne(19). 

Summary. 1. A metabolic relationship be- 
tween glucose and acetoacetate has been 
shown to exist in the living body. 2. In- 
creased concentration of acetoacetate (Na 
salt) distinctly inhibits normal glucose utiliza- 
tion when incubated at 37°C at a pH of 7.3 
in the presence of whole blood (rabbit). 
3. The condensation product of glucose and 
ethylacetoacetate has no effect on the normal 


METABOLIC RELATIONSHIP BETWEEN AUTOACETATE AND GLUCOSE 


ketonemic level and blood sugar tolerance © 


curve of a rabbit and has neither any abnor- 
mal effect on the urine constituents of the 
treated animals. 
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Growth-Promoting Activity of L-Lyxoflavin for Lactobacillus lactis.*t 


(19463) 


Mary S. SHORB. 


(Introduced by Gladys A. Emerson.) 


From the Department of Poultry Husbandry, University of Maryland, College Park. 


Lyxoflavin was reportedly isolated from 
human heart muscle by Pallares and Garza 
(1) and shown to be identical with synthetic 
L-lyxoflavin. They(2) considered it a 
“stereoisomer of vit. Bs.” Emerson and 
Folkers(3,4) showed that synthetic L-lyxo- 
flavin(5) possessed a growth-promoting ac- 
tivity distinct from riboflavin activity for rats. 
Wahlstrom and Johnson(6) reported sig- 
nificantly greater gains in weight of pigs when 
L-lyxoflavin was incorporated in a diet con- 
taining all known vitamins. Bruins e¢ al.(7) 
obtained a 10% weight increase in chicks on 
a basal diet containing riboflavin, with L- 
lyxoflavin alone and in combination with dried 
whey, wheat bran and liver residue. | Hendlin 
and Wall, quoted in Emerson and Folkers(4), 
found that L-lyxoflavin had less than 0.2% 
activity-of riboflavin for this microorganism. 
Snell(7) states that lyxoflavin exerted a com- 
petitive inhibition against riboflavin for L. 
casei in high concentrations, although it was 
slightly stimulatory in the presence of subopti- 
mal doses of riboflavin. 

Studies reported in this paper show that 
L-lyxoflavin promotes the growth of Lacto- 
bacillus lactis. The effect of this compound 
on the growth of 2 other bacterial species is 
also discussed. 


Experimental. Three cultures have been 
used in these tests: Lactobacillus lactis, 
ATCC 8000, Lactobacillus casei ATCC 7469, 


* Scientific Paper No. A361, Contribution No. 
2345 of the Md. Agric. Exper. Station, Department 
of Poultry Husbandry. This study was supported 
in part by a grant from Merck & Co., Rahway, N. J. 

t We are indebted to Merck & Co., for the lyxo- 
flavin and other pentose isoalloxazines, pyridoxal 
phosphate and pantethine; to Lederle Laboratories, 
Pearl River, N. Y., for the LBF factor; and to 
Francis A. Veltre for technical assistance. 

¢ L. lactis is synonymous with Bacillus lactis acidi, 
according to Bergey’s Manual of Determinative Bac- 
tericlogy, 6th Edition, 1948. Williams & Wilkins Co., 
Baltimore. 


both of which require riboflavin under the 
conditions of assay, and Leuconostoc mesen- 
teroides ATCC 8293, which apparently syn- 
thesizes riboflavin under the conditions of 
assay. The riboflavin assays with L. casei 
were carried out by the modified method of 
Snell and Strong, as described by Snell(8). 
Turbidimetric measurements were made after 
20 to 40 hours incubation using the Evelyn 
colorimeter fitted with a 620 mp filter. The 
stock culture of Leuc. mesenteroides was main- 
tained by monthly transfer in Eugon agar 
stabs (Baltimore Biological Laboratory). 
The stock culture of L. lactis was transferred 


TABLE I. Composition of Double Strength 


Medium.* 
mg mg 
DLi-q-Alanine } Adenine sulfate 
L-Arginine Guanine HCl ae: 
mono-HCl Uracil 
pu-Aspartic acid Xanthine 
L-Glutamic acid KoHPO, 100 
Glycine KHoPO, 100 
pu-Histidine MgS0O,4°7H20 40 
mono-HOl Mn80,4:4H,20 | 
pL-Isoleucine + £0 NaCl Ne 
L-Leucine FeSO4-7H20 
u-Lysine mono- | CaCly 20 
HCl Thiamin HCl 2 
pL- Methionine 
pL-Phenylala- ug 
mine Ca. pantothenate 400 
pi-Serine | Vit. Byo 5 
pu-Threonine J Pyridoxal phos- 200 
pi-Tryptophane 80 phate , 
L-Tyrosine } p-Aminobenzoic 400 
pu- Valine + 40 acid 
L-Asparagine | Nicotinie acid 800 
L-Cystine J Biotin 1 
Sodium ethyl 100 Pteroylglutamic 1 
oxalacetate acid 
Tween 80 20 KCN 50 
LB factor?) 20 
g { units 
Na acetate, anhyd. 1.2 Distilled water  _ 100 
Dextrose 2 to § ml 


* Cystine should be dissolved in concentrated 
HCl and water before adding to dissolved amino 
acids, kept in stock as a dry mix. Pyridoxal phos- 
phate and sodium ethyl oxalacetate are added after 
the pH is adjusted to 6.8. 

+ LBF factor, Lederle 8000 unit concentrate or 
pantethine (synthetic LBF) Merck. 
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ACTIVITY OF L-LYXOFLAVIN FOR Lactobacillus lactis 


TABLE II. Growth Response of Lactobacillus lactis, Lactobacillus casei and LUC ees 
mesenteroides to Riboflavin and u-Lyxoflavin. 


Lactobacillus Lactobacillus Leuconostoc 
lactis caset mesenteroides 
Substance ae Incubation period, hr ——, 
added ug/10 ml 22 40 20 40 22 40 
Galvanometer reading* 
0 0 92 91 94 77 44 
Riboflavin -025 76 
05 67 57 78 81 71 41 
“il: 58 4] 66 67 65 42 
25 49 47 
3 53 
a) 50 47 38 60 40 
L-Lyxoflavin 05 91 87 93 95 
oh 83 92 96 94 97 
3 65 45 
6 55 39 95 98 
1 54 36 92 93 96 96 
5 61 37 91 94 96 97 
10 94 94 96 89 
50 62 32 94 94 96 69 
100 62 37 


* Galvanometer reading of 100 represents no growth. 


biweekly on a stock medium consisting of 
10% clarified tomato juice, 0.5% Bacto-yeast 
extract, and 10% Bacto-dehydrated skim 
milk (adjusted to pH 6.8 and sterilized at 
121°C for 15 minutes). Both organisms 
were grown in 10 ml of Difco Micro Inoculum 
broth for the inoculum. After 18 to 24 hours 
incubation at 37°C, the cultures were washed 
twice with physiological saline, resuspended in 
saline and adjusted to a turbidity reading of 
70 on the Evelyn colorimeter (515 my filter). 
Four drops of this suspension were added to 
20 ml of saline for the final inoculum, and one 
drop was used per tube. The composition of 
the basal medium used with L. lactis and 
Leuc. mesenteroides is shown in Table I. 
This medium, supplemented with 20 yg of 
riboflavin, was developed in a study of an 
unidentified growth stimulating factor for 
L. lactis(9). Complete growth of L. lactis 
is not reached until about 40 hours incubation 
if this factor is not supplied. Since no pure 
source of the stimulatory factor is available, a 
40-hour incubation period was used in most 
of the L. lactis assays to permit the organism 
to synthesize the factor. The final volume 
was 10 ml, 5 ml of double strength medium 
being added to 5 ml of sample. The tubes 
were autoclaved for 5 minutes at 121°C, 


cooled, inoculated and incubated at 37°C 
for varying periods of time, depending on the 
assay. Growth was determined turbidimetri- 
cally with the Evelyn colorimeter, using the 
620 my filter. 

Results and discussion. The growth re- 
sponses of L. lactis, L. casei and Leuc. mesen- 
teroides to riboflavin and L-lyxoflavin are 
shown in Table II. While L-lyxoflavin pro- 
motes the growth of L. lactis, the rate of 
growth is somewhat slower than that with 
riboflavin. The flattened growth curve at 22 
hours was obtained because, in this medium, 
the stimulatory factor must be synthesized by 
the organism. There was slight inhibition 
with 5 to 100 wg per tube of L-lyxoflavin at 
22 hours, but no inhibition was evident at 
40 hours with these doses. When the incuba- 
tion period was continued to 3 or 6 days, 
the activity of L-lyxoflavin approached that 
of riboflavin. In a series of eight assays with 
L. lactis, L-lyxoflavin had an average activity 
per »g equivalent to 0.09 yg of riboflavin in 
a 20- to 24-hour assay; 0.16 pg at 40 to 44 
hours and 0.43 yg in 6 days. 

While -L. casei gave a typical dosage re- 
sponse curve to riboflavin after 20 hours of 
incubation, no growth was obtained with L- 
lyxoflavin even after 72 hours’ incubation. 
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TABLE III. Inhibition of Growth of Lactobacillus casei, Leuconostoc mesenteroides and 
Lactobacillus lactis by u-Lyxoflavin in Presence of Riboflavin, after 40 Hr Incubation. 


Lactobacillus Lactobacillus Leuconostoc Lactobacillus 
CASEL CASEL mesenteroides lactis 
Riboflavin u-lyxoflayin Snell’s Synthetic Synthetic Synthetic 
added, added, medium medium medium medium 
ugZ/10ml ypg/10ml GR* ITt GR* IIt GR* ELF GR* IIt 
0 0 98 86 44 3 
0 05 80 95 93 
0 50 97 75 69 4] 
05 0 82 80 4] 67 
pa 0 72 58 3 48 
a 0 64 52 40 + 42 
1 0 64 55 47 41 
05 05 86 Hye 57 
-05 1 76 60 92 53 
05 B3) 93 92 40 
05 50 97 96 39 0 
ad: ak 65 55 77 sone 43 
al 1 63 52 84 39 
ok 5 78 50 55 85 38 
st 10 93 58 85 39 
as 50 97 92 440 93 40 0 
1B 5 61 50 39 39 
#5) 1 55 50 42 40 
55 10 57 50 48 40 
FS) 50 92 50 57 >100 65 150 39 0 
1 1 67 53 48 41 
1 5 60 52 50 41 
1 10 57 50 50 z Al 
1 50 75 _ 50 48 0 47 0 41 0 


* GR—A galvanometer reading of 100 represents no growth. 
+ I1—Inhibition index is equal to the ratio of concentration of inhibitor to concentration of 


the metabolite, at which half maximum inhibition of growth of the organism occurs. 


The 


inhibition index was determined on curves drawn from the data shown in the table. 


Riboflavin was not required by Leuc. 
mesenteroides at 22 hours, but at this time it 
had a slight stimulatory effect at low levels. 
L-lyxoflavin was very active in inhibiting the 
growth of Leuc. mesenteroides at this early 
hour, over a range of from 0.05 to 50 pg 
per tube. However, at 40 hours, riboflavin 
was still only slightly stimulatory while L. 
lyxoflavin at the higher levels produced a re- 
sponse which must be interpreted as growth 
stimulation in the light of inhibition analyses 
which follow. 


Inhibition analyses were made with all 3 
organisms and results are shown in Table III. 
In confirmation of Snell’s report(7), L. casei 
was competitively inhibited by L-lyxoflavin 
when Snell’s assay medium for riboflavin was 
-used, and slight stimulation occurred at the 
lower levels of lyxoflavin in the presence of 
suboptimum riboflavin. However, when the 
same tests were done with L. casei, using the 
synthetic medium described in Table I, the 


inhibition with L-lyxoflavin was evident only 
when low levels of riboflavin were in the 
medium. When high levels of riboflavin 
were used, high levels of L-lyxoflavin stimu- 
lated the growth of L. casei. More marked 
growth stimulation occurred with 50 to 100 
pg per tube of L-lyxoflavin in the synthetic 
medium containing 1 pg per tube of ribo- 
flavin when the L. casei inoculum was washed 
and diluted by the method used for L. lactis 
(data not shown). The response with a 
washed dilute culture suggests that adapta- 
tion occurred or that some component in the 
synthetic medium, in addition to riboflavin, 
might be required for L-lyxoflavin utilization. 
Since the treatment of the components of 
Snell’s medium would tend to destroy or re- 
move some of the vitamins present in the 
synthetic medium, it is possible that one of 
these vitamins is involved. 

With Leuc. mesenteroides, inhibition was 
competitive only at the lowest levels of L- 
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lyxoflavin used. At high levels of L-lyxo- 
flavin the inhibition disappeared. There was 
no evidence of competitive inhibition with 
L. lactis. 


Among other pentose isoalloxazines or prob- 
able isoalloxazine precursors examined for 
growth stimulation or inhibition for L. lactis 
and L. casei, D-lyxoflavin, D-araboflavin(10), 
galactoflavin and a-ribazole did not promote 
growth of either organism, while 5,6-dimethyl- 
benzimidazole was inactive for L. lactis (not 
tested with L. casei). Only riboflavin phos- 
phate(11) and isoriboflavin(12) had activity, 
having 0.82 and 0.038 yg of riboflavin ac- 
tivity per wg; respectively, for L. casei, and 
0.66 and 0.002 pg activity for L. lactis. The 
former compound was not corrected for phos- 
phate content. All of the above compounds 
were tested for inhibition, using 1 wg of ribo- 
flavin in the medium per tube, in Snell’s 
medium with ZL. casei, and in the synthetic 
medium with L. lactis. No inhibition was 
observed with any of the compounds, nor was 
there any stimulation over that due to the 
added riboflavin. 


A microbiological assay for the presence 
of L-lyxoflavin in natural materials does not 
appear at present feasible when using either 
growth stimulation or competitive inhibition 
as a criterion. Because all of the pentose 
isoalloxazine compounds migrated at the same 
rate in several solvent systems, paper. chroma- 
tographic separation of L-lyxoflavin from the 
other pentose isoalloxazines has not been ac- 
complished, although this would have been 
of great value in a microbiological assay. The 
method of synthesis of L-lyxoflavin makes it 
highly improbable that it is contaminated with 
riboflavin. Therefore the growth of L. lactis 
with L-lyxoflavin must be due to a direct 
response to this compound. Furthermore, in 
other tests, it has been observed that the total 
riboflavin content of an L. lactis culture was 
not increased when it was grown in the pres- 
ence of lyxoflavin. The fact that L. casei 
responds to L-lyxoflavin, when riboflavin is 
present and the medium is adequate in other 
nutrients, lends support to the idea that 
L-lyxoflavin may function in a manner dif- 
ferent from riboflavin. The growth response 
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in animals, which has also been observed in 
chicks in this laboratory,’ may be due to the 
utilization of L-lyxoflavin directly by the 
animal body or by micro-organisms. Further- 
more, any inhibitory effect of L-lyxoflavin on 
bacteria might possibly be reversed by the 
presence of adequate riboflavin and other 
nutrients in an enriched environment such as 
would be found in the intestinal tract. 


Summary. L-lyxoflavin had 16% of the 
activity of riboflavin in promoting growth of 
Lactobacillus lactis in a 40-hour assay. The 
activity increased to 43% after 6 days of 
incubation. Growth with L-lyxoflavin oc- 
curred in the presence or absence of riboflavin 
and there was no evidence of competitive 
inhibition. L-lyxoflavin inhibited riboflavin 
competitively in the growth of Lactobacillus 
casei, in Snell’s riboflavin assay medium, with 
an inhibition index of 50, but the inhibition 
became stimulation in a synthetic medium 
when optimum amounts of riboflavin were 
present. D-lyxoflavin, D-araboflavin, gal- 
actoflavin, and a-ribazole were inactive in 
promoting growth of either L. lactis or L. 
casei while 5,6-dimethylbenzimidazole was in- 
active for L. lactis. Riboflavin phosphate 
and isoriboflavin had riboflavin activity for 
both organisms. 


§ Menge, H. and Combs, G. F., unpublished data. 
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Although there is much evidence that in- 
dicates that rabbit fibroma virus is closely 
related to rabbit myxoma virus, the end re- 
sults of infection caused by these viruses are 
diametrically opposite(1). Myxoma virus 
causes a disseminated disease that is usually 
100% fatal, while fibroma virus causes local- 
ized, benign lesions that regress in 20 to 30 
days(2). The destructive effect of Semliki 
Forest virus (SFV) on rabbit fibromas has 
recently been described(3). Virus-induced 
fibromas of domestic rabbits became necrotic 
and regressed rapidly after the intramuscular 
injection of SFV. Subsequently, the effect of 
SFV on rabbit myxoma was studied. This 
paper describes the results of these studies 
and the multiplication of SFV in tissue cul- 
tures of myxoma subcutaneous tissue. 


Methods. SFV was prepared as 20% sus- 
pensions of infected mouse brain. The intra- 
cerebral LDso titer in 15 g mice varied from 
107-5 to 10°:°, The myxoma virus, originally 
isolated by Dr. A. Moses, was obtained from 
Dr. M. H. D. Smith. In these experiments, 
this strain of myxoma virus killed all 200 
control rabbits that were infected with 10 to 
10000000 LD; 9 virus. Death usually oc- 
curred 10 to 12 days after infection. Myxoma 
infection was usually induced by injecting 0.1 
ml of a 10°*° to 10°%-° dilution of virus (con- 
taining 10 to 100 LD;0) intradermally on the 
abdomen of rabbits. New Zealand white rab- 
bits were used for all experiments. The effect 
of SFV on myxoma was studied by injecting 
intramuscularly 1.25 ml of a 20% extract of 
mouse brain SFV or a 20% extract of 
myxoma-passed SFV (that also contained 
myxoma virus) 24 hours after infecting the 
rabbits with myxoma. Rabbits were housed 


in an air-conditioned room maintained at 


20°C. The development of myxoma lesions 


* This investigation was supported by a research 
grant from the National Cancer Institute, of the 


National Institutes of Health, Public Health Service. 


tissue, 


was observed daily. Rabbits were discarded 
and considered recovered from myxoma infec- 
tion when all the lesions had disappeared 21 
to 55 days after the initiation of infection. 
Weighed portions of myxoma lesions were 
extracted, centrifuged and titrated intrader- 
mally on the abdomens of normal rabbits 
using 3 to 4 inoculations per dilution and a 
0.1 ml inoculation. Weighed blood clot was 
titrated in a similar manner when quantitative 
estimations were made of myxoma viremia. 
SFV rabbit antiserum was added to extracts 
of myxoma tissues that contained SFV before 
myxoma titrations were performed. Myxoma 
virus dilution neutralization tests were per- 
formed by incubating equal amounts of serum 
and virus one hour at 24°C, and titrating in- 
tradermally on the abdomens of rabbits. The 
tissue culture technic has been previously 
described(3). 

Results. Multiplication of SFV in tissue 
culture. The multiplication of SFV in minced 
myxoma subcutaneous tissue resembled that 
of SFV in fibroma tissue. After the inocula- 
tion of 10 to 400 LDs9 SFV, maximum titers 
of 10°-° to 10°&° developed in 48 to 96 hours 
and persisted at least 8 days. However, little 
or no multiplication of SFV was demonstrated 
in 15% of the experiments. Detailed studies 
were undertaken to investigate these incon- 
sistencies in the growth of SFV. SFV multi- 
plied equally well in 0.2 and 0.4 g amounts of 
4 to 9 day subcutaneous myxoma tissue. The 
yield of SFV was not affected by the passage 
of myxoma virus used to initiate the myxoma 
Myxoma-passed SFV did not multi- 
ply better than mouse brain SFV. Both the 
white, homogenous, upper part and the lower, 
gelatinous part of the myxoma growth sup- 
ported equally well the multiplication of SFV. 
The actual cause for irregular SFV multiplica- 
tion was never completey revealed. However, 
best growth was observed when the inoculum 
of SFV was of the order of 200-400 LD;» and 
when myxoma tissue was minced into 1 x 2 
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ml rather than 0.05 to 1 ml pieces. 

Effect of mouse brain SFV on course of 
myxoma. In preliminary experiments, SFV 
from infected mouse brain was injected intra- 
muscularly into rabbits 1 to 3 days after the 
intradermal inoculation of 1000 to 100000 
LDs 9 myxoma virus. In some of the SFV- 
injected rabbits, certain observations sug- 
gested that myxoma was modified by SFV 
even though all the rabbits died with signs of 
generalized myxoma infection. On occasion, 
death was prolonged 4 to 8 days beyond the 
controls’ usual survival period. The initial 
lesions that developed at the site of myxoma 
virus inoculation became smaller and occa- 
sionally necrotic, and the ear lesions were 
sometimes circumscribed. When mouse brain 
SFV was injected intramuscularly one day 
after intracutaneous injection of 10 to 100 
LDs59 myxoma virus, 5 to 10% of the rabbits 
survived after undergoing a generalized 
myxoma infection. Delayed death, initial 
lesion involution, and circumscribed ear le- 
sions were observed more commonly when 
10 to 100 LDs5.» myxoma inocula were em- 
ployed. The effect of SFV on myxoma was 
more clearly demonstrated in normal rabbits 
by a combined intramuscular injection-of 1.25 
ml of 20% mouse brain SFV and 20% 
myxoma (Table I). Eight of 21 injected 
rabbits recovered completely after developing 
generalized myxoma. 

Effect of myxoma-passed SFV on course of 
myxoma. SFV was passed 45 times in myxo- 
matous rabbits to determine whether adapta- 
tion of SFV to myxoma would enhance the 
effect of SFV on myxoma. 1.25 ml amounts 
of 20% SFV extract were injected intramus- 
cularly into rabbits bearing 3- to 5-day-old 
abdominal growths. The abdominal myxoma 
lesions, harvested 2 days after the inoculation 
of SFV, were used as the source of the SFV 
for the next passage. Various passages were 
injected intramuscularly into normal rabbits 
and into rabbits infected 24 hours earlier with 
10 to 100 LDs9 myxoma virus. The results 
of the tests are depicted in Tables I and II. 
All tested extracts of myxoma-passed SFV 
caused a further significant reduction in the 
myxoma fatality rate when injected intramus- 
cularly with myxoma into normal rabbits. 


SFV ANp Rassit MyxomMA 


TABLE I. Result of Combined Intramuscular In- 
jection of SEV and Myxoma Virus in Normal 


Rabbits.* 

Myxoma 

fatality 

Inoculum D/It rate, % 
Control—Myxoma. virus 15/15 100 
Mouse brain SFV and myxoma 13/21 62 
10th passage SFV in myxoma 1/s 12 

and myxoma 

21st 4/18 22 
31st 5/14 36 
43rd 6/18 33 
45th 1/10 10 


* 1.25 ml of 20% SFV and 20% myxoma. 
+ Numerator=rabbits that died; denominator— 
rabbits inoculated. 


TABLE II. Effect. of SFV on Rabbits Infected 
with 10 to 100 LD) Myxoma Virus.* 


Tnoeulum D/It 
Contrel—Myxoma virus 70/70 
Myxoma passed SFV—3rd passage 2/4 

10th 5/6 
43rd 26/29 
45th 18/35 


= 1.25 ml of 20% SEV extracts were inj. intra- 
muse. 24 hr after intracutaneous infection with 
myxoma virus. Extracts of myxoma passed SFV 
also contained myxoma virus. 

+ Numerator—rabbits that died; denominator= 
rabbits inoculated. 


However, in rabbits previously infected with 
myxoma, only passage No. 45 substantially 
decreased the myxoma fatality rate. Subse- 
quent tests confirmed this special effect of 
passage No. 45 SFV extract. No evidence 
was obtained that myxoma had become at- 
tenuated during the repeated passages of SFV. 
Injection of 0.1 ml of the 45th passage of 
SFV in myxoma, containing 10 LD55 myxoma 
virus and sufficient SFV antiserum to neu- 
tralize completely the SFV present, killed 19 
of 19 rabbits in the usual 10- to 12-day 
period. During the passages in myxoma, the 
titer of SFV ranged from 107° to 10°. 
SFV was separated satisfactorily from 
myxoma of passage No. 45 SFV-myxoma only 
by inoculating the virus mixture intraperi- 
toneally in mice. When the brains were -har- 
vested, SFV was present in a titer of 10°? 
LD5 9, but no myxoma virus was demonstrable. 
Intramuscular injection of this 20% SFV 
mouse brain extract did not prevent death in 
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DAYS AFTER INOCULATION OF MYXOMA VIRUS 


FIG. 1. Effect of SFV on recovery of myxoma. 


virus. Each point represents average of myxoma 
virus concentrations in 3 or 4 rabbits. Determina- 
tions were terminated in control] animals on the 
llth day when the rabbits were dead or moribund. 


17 of 17 domestic rabbits inoculated one day 
earlier with 50 LD59 myxoma virus. 


Recovery of virus from myxomatous rab- 
bits. Abdominal lesions, sections of ear, and 
blood were removed at intervals from a group 
of myxomatous rabbits inoculated with the 
45th passage of SFV in myxoma and from a 
control group of myxomatous animals injected 
with 20% myxoma virus intramuscularly. 
Titrations were made for SFV and myxoma 
virus. SFV persisted 13 to 18 days in the 
abdominal tesions at titers of 107° to 10*° 


“LDs0, whereas no SFV was detected in blood 


or ear 4 days or later after the inoculation of 


SFV. Fig. 1 illustrates the findings with re- 


gard to myxoma virus. 


Mechanism of action of SFV on myxoma. 
Intramuscular injections of heat inactivated 
(65°C for one hour) SFV and normal mouse 
brain had no effect on the course of myxoma. 
Intramuscular injection of myxoma virus did 
not interfere with the development of gen- 
eralized myxomatosis subsequent to the intra- 
cutaneous inoculation of myxoma. Because 
SFV did not significantly modify the initial 


_ body temperature response to myxoma infec- 
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tion, there is no evidence that elevated body 
temperature per se was responsible for the 
modification of myxoma(4). Earlier and 
more marked necrosis was seen in histologic 
sections of myxomatous lesions of SFV- 
myxoma inoculated rabbits than in tissues 
from control myxoma rabbits. Low titers of 
myxoma neutralizing antibody (neutralization 
of 1 to 2 log LDs9 of myxoma virus) was de- 
tected 14 to 19 days after onset of infection. 


Neurologic sequella of SFV_ injection. 
Thirty per cent of all rabbits injected intra- 
muscularly with mouse brain or myxoma- 
passed SFV developed neurologic sequella, 
usually paralysis of one or more limbs. Ten 
per cent of all SFV-injected rabbits died from 
neurologic complications 5 to 6 days after 
injection of SFV. These deaths were easily 
distinguished from myxoma deaths and were 
excluded in determining myxoma fatality 
rates. 


Discussion. The reported experiments dem- 
onstrate that intramuscular injection of SFV 
can reverse the usually 100% fatality rate of 
myxoma virus infections. Although this ef- 
fect was demonstrated to some extent with 
SFV from infected mouse brain, it was best 
effected with myxoma-passed SFV. Efforts 
to study the mechanism of the superior 
myxoma destroying effect of myxoma-passed 
SFV were thwarted because SFV could not be 
separated from the myxoma without further 
modification of the SFV. SFV probably ex- 
erted its effect on myxoma infection by caus- 
ing necrosis of myxoma tissue and, conse- 
quently, reducing myxoma viremia and meta- 
static myxoma lesions.. 


Summary. Semliki Forest virus multiplied 
in suspended cell cultures of myxoma tissue 
to titers of 10° to 10° LDs, in 48 to 96 
hours. In contrast to the usual 100% mor- 
tality in myxoma infection, intramuscular in- 
oculations of mouse brain SFV combined with 
myxoma reduced the myxoma fatality rate to 
62%. Myxoma-passed SFV and myxoma in- 
jected together intramuscularly killed only 
25% of the rabbits. In rabbits that had been 
infected intracutaneously with myxoma virus 
24 hours earlier, intramuscular injection of the 
45th passage of SFV in myxoma reduced the 
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myxoma fatality rate from 100% to 51%. 
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Polyvinylpyrrolidone (PVP), a macromolec- 
ular substance first synthesized in Germany 
during World War II, has been used in 
Europe as a plasma substitute, reportedly 
with good results. Abstracts of the extensive 
European literature on PVP have been pre- 
sented in a monograph(1) issued by the Gen- 
eral Aniline and Film Corporation. Recently 
the possible use of PVP as “plasma expander”’ 
has been considered in this country. Hence 
biologic properties of PVP deserve continued 
investigation. Reports on storage of PVP in 
tissues are contradictory. Earlier negative 
findings were obtained on dogs and man 
(Korth and Heinlein(2)). On the other hand, 
Bargmann(3) observed storage in splenic 
macrophages of dogs and rats, and Barfuss 
and FEichler(4) noted transitory storage in 
rabbits, guinea pigs, and rats. Ammon and 
Miiller(S) found evidence of PVP storage in 
rabbits, but not in infants treated with PVP, 
whereas Schoen(6) reported positive findings 
in such infants. Equivocal results were re- 
ported by Riedel and Zipf(7), and by Pellerat 
et al. (cit. 1, p. 50). Recently Nelson and 
Lusky(8) found in rabbits injected with PVP 
slight splenic enlargement, and presence of 
foam cells in spleen, lymph nodes, bone mar- 
row, and other tissues. Bennhold, Schubert, 
and associates(9-12) reported an interesting 
property of PVP, namely its ability to pro- 
mote renal excretion of dyes that are otherwise 
not excreted at all, or are excreted through the 
bile. Schubert(12) also found that PVP was 
capable of “washing out” dyes from tissues 
with subsequent renal excretion of the dye. 


The present investigation is concerned with 
the effect of PVP on reticuloendothelial stor- 
age of dyes in mice. Since previous work 
(13-15) had shown that the extent of reticulo- 
endothelial storage in mice may vary accord- 
ing to the strain, animals of several inbred 
strains were utilized for this study. 

Materials and methods. Male and female 
mice, 3 to 6 months old, of strains C57 Black, 
dba, C3H, and CBA were used. The animals 
were free of tumors and any other obvious 
disease. They were kept on ad libitum diet 
of Rockland mouse pellets and water. The 
dyes used were 1) Erie Fast Rubin Cone. 
(EFR),* described in a previous communica- 
tion(15), and 2) Chlorazol Black E (CBE). 
As a rule, 0.5 ml of 0.5% solutions of dye was 
injected subcutaneously 2 to 3 times weekly. 
This dosage was well tolerated by the animals, 
except in some instances where it was neces- 
sary to diminish the quantity of EFR. Con- 
trols and experimental animals received equal 
amounts of dye. PVPt was used as 3.5% 
solution in physiologic saline, of which 0.5 ml 
was injected daily subcutaneously, or intra- 
peritoneally in some of the earlier experiments. 
The animals were weighed at least once 
weekly, and at the end of the experiments. 
They were sacrificed by decapitation, permit- 


* This dye was obtained through cooperation of 
the National Aniline Division, Allied Chemical and 
Dye Corp. 

+ Mr. D. Witwer, General Aniline & Film Corp. 
furnished a generous supply of PVP. All experi- 
ments were carried out with a single lot (GA-PVP- 
118). 
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BIG, a, Liver, C3H ma e, 18 injections of PVP. Note vacuolation and distention of Kupffer 


H& , K B00, 


FIG. 3. Liver, 057 Black male (C-88). Control injected with HER. Coarse granular dye 


storage in Kupffer cells. H & BE. % 300. 


FIG. 4 Spleen, C57 Black male (C-109). Control injeeted with CBI. Weavy perifollicular 
1 , ) J hee 


dye storage, Unstained. % 30. 


Autopsies were 
done, the spleen weighed, and liver, spleen, 
kidney, lung, and skin fixed in formalin. 
Sections of these organs were stained with 
hematoxylin and eosin, and in experiments 
involving administration of dyes, also un- 
stained sections were prepared in order to 
permit closer study of dye deposits. In some 
experiments the method of Chalkley(16) was 
used for quantitative estimation of dye stor- 


age. Details of this technic will be given 
later. During and after periods of injection 


_ of the dye the urine was watched for its ap- 
_ pearance daily, and after sacrifice of the ani- 


mals the coloration of the serum was recorded, 

Results. In preliminary experiments, from 
12 to 24 daily intraperitoneal or subcutaneous 
injections of 3.5% PVP were given to 45 
C3H, 40 C57 Black, and 20 dba mice of both 
sexes. The animals showed no untoward ef- 
fects from this treatment and continued to 
gain weight. They were sacrificed within 
from one to 3 days after the last injection of 
PVP. Moderate enlargement of the spleen 
was found, with the enlargement most pro- 
nounced in strain C3H and least in C57 
Black. Tissue sections revealed considerable 
vacuolation and “ballooning” of Kupffer cells 
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in the liver (Fig. 1), and formation of similar 
vacuolated macrophages in the perifollicular 
areas of the spleen (Fig. 2), and in the reticu- 
lum of lymph nodes. The changes increased 
with dosage of PVP. They were most marked 
in C3H mice, while C57 Black animals pre- 
sented them only after a minimum of 18 in- 
jections of PVP. The substance responsible 
for the appearance of the foam cells is pre- 
sumably PVP or a derivative of it. Direct 
histologic identification of PVP is rendered 
difficult by its ready solubility in water and 
alcohol, which cause it to disappear from fixed 
and sectioned tissue. In accord with findings 
of Nelson and Lusky(8) imprints of fresh tis- 
sue stained with Gram’s iodine showed a deep 
brown color of cells presumably containing 
PVP. Attempts to find such iodophilic ma- 
terial in tissue sections were unsuccessful in 
our hands. 

Having thus found presumptive evidence 
for storage of PVP in reticulo-endothelial tis- 
sues of the mouse, the effect of PVP on stor- 
age of dyes was tested in three experimental 
arrangements: (a) simultaneous administra- 
tion of dye and PVP; (b) administration of 
PVP after dye injection; (c) administration of 
PVP prior to injection of dye. 

A. Experimental data and gross findings 
resulting from simultaneous administration of 
PVP and EFR are given in Table I. His- 
tologic findings in the control group were 
identical with those made in the course of 
earlier studies(15). There was heavy storage 
of dye, mostly in form of coarse granules, in 
the Kupffer cells of the liver (Fig. 3), in peri- 
follicular macrophages and littoral cells of the 
spleen (Fig. 4), and variable degrees of his- 
tiocytic storage in skin and lymph _ nodes. 


TABLE I. Simultaneous Administration of PVP 
and Dye (.5 ml of .5% EFR). 


Strain C57 Black ————_, 


ite 
—Exp. C-69—, ,—Exp. C-78— 
Control Exp. Control Exp. 
group group group group 
No. of animals 5 5 7 7 
Sex 9 9 3 3 
Solventofdye Saline PVP Saline PVP 
Route of inj. ip. ip. ip. ip. 
No. of inj. 7 7 5 5 
Color ofurine Yellow Red Yellow Red 
” ” serum ¥ Purple of Purple 
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FIG. 5. Liver, C57 Black male (0-78). Exp. ani- 

mal injected with EFR dissolved in PVP. Note 

absence of granular storage, and presence of ‘‘ dye- 
vacuoles.’’ Unstained. X 250. t 


The dye deposits were readily visible in 
hematoxylin-eosin stained slides. In the kid- 
ney only occasionally a faint staining of col- 
lecting tubules was noted; this was visible 
only in unstained preparations. In contrast, 
animals injected with dye dissolved in PVP 
showed hardly any dye deposits in hematoxy- 
lin-eosin stained sections of liver and spleen, 
while unstained sections revealed macrophages 
containing a pale red rim of dye around 
vacuoles apparently produced by intake of 
PVP (Fig. 5). On the other hand, the renal 
cortex presented grossly a reddish stain which 
on microscopic examination was found to be 


due to dye deposits in the tubular epithelial - 


lining. This is obviously a corollary of the 
dye excretion noted in the urine of the PVP 
injected animals. 


B. Experimental procedures and gross find- 


ings pertaining to the administration of PVP 
after the injection of dyes are summarized in 
Table II. In experiments C-88 and C-97 
control animals were divided into 2 groups; 
one receiving no treatment after the initial 
dye injections, the other receiving sub- 
cutaneous injections of 0.5 ml of physiologic 
saline parallel with injections of the same 
quantity of PVP given to the experimental 
group. Since animals of the 2 groups showed 
identical findings, they were combined as one 
group, and later experiments did not include 
saline-injected controls. The gross findings in 
this type of experiment were quite similar to 
those obtained when dye and PVP were given 
simultaneously. This applied also when 


——— 


PVP AND RETICULO-ENDOTHELIAL STORAGE 621 


TABLE II. Administration of PVP after Dye Storage. 


Dye and 


Zz Y ws a) 
at Ao 3 a 3 sf 2 

Strain Sex ae a Z a PAS 8 5 Zs 

C57 Black 4 GF 11 EFR9XK 5 0 Yt 3+ 

Exp. 6 12 Pi 1+ 

C3H 4 Cc 11 ie > ae Re: 4 24. 

Exp. 6 12 Pp 1+ 

C57 Black &)C 6 NBER Se 0 Y 3-4 

Q § Exp. 7 +3% 3 18 Deep P 1+ 

CBA $ Cc 9 5X, 5 0 Ytopink 2+ 

Exp. 9 +4xX .25 15 Deep P + 

118 2 3 C 10 CBE3x1 "ae 5 Ee 
Exp. 10 5 ¥ ae 

* C= control. t Y — yellow. + P = purple. 


TABLE III. Effect of PVP on Dye Storage. 


No. of -—Total storage—— -—Coarse granules—— 

No. Strain Group animals Range Mean +8.D. Range Mean +8.D 
{ EFR 11 22-40 32.6% 4.3 16-3 22.5T 4.1 
Cee EPVP 6 19-34 273 61 08 44 26 
iar il 19-34 25.3% 3.7 15-24 818.5; 2.7 

7 1 4PVP 6 144-96 213 47 UA Oa Seas 


= 


i } Difference between paired values statistically significant. 
t 


Chlorazol Black E was used (C-118). The 
cellular distribution of this dye was similar 
to that of EFR. Evidence for a displacement 
of dye from its previous sites of storage was 
furnished by the appearance of dye in serum 
and urine. Histologic examination of animals 
injected subsequently with PVP disclosed a 
marked decrease in reticulo-endothelial dye 
storage. The diminished dye content of tis- 
sues was dué to a change in the type of storage 
rather than to a decrease in the number of 
storing cells: instead of the dark red coarse 
granules in controls, PVP-treated mice pre- 
sented predominantly either fine granules of 
dye, or “dye-vacuoles,” similar to those noted 
after simultaneous administration of dye and 
PVP. 

In experiments C-88 and C-97, the extent 
and type of dye storage was estimated by 
means of the Chalkley tissue analysis(16). 
Hematoxylin-eosin stained tissue sections of 
uniform thickness (6 «) were examined under 
oil immersion. The reference pointer was 

moved at random and placed on nuclei of liver 
cells; a total of 200 nuclei were aimed at in 


each section. Hits of the 4 pointers on dye 
material were recorded in 2 categories: (a) 
coarse granules, (b) other forms of storage 
(fine granules or dye-vacuoles). Table II 
shows that administration of PVP brought 
about a highly significant depression of coarse 
dye storage. Incidentally, a difference in 
dye storage, found on statistical analysis to be 
significant, was also found between control 
animals of strains C57 Black and C3H, with 
the former exceeding the latter in storing 
ability. This corroborates earlier observations 
on greater storage of carmine in C57 Black 
than in C3H mice(13,14). 

C. Table IV lists data on mice injected with 
dye (CBE) ajter PVP administration. The 
reticulo-endothelial storage of CBE, found in 
untreated mice of all 3 strains, was uniformly 
prevented by preceding PVP administration 
(18 injections). Evidence of PVP storage in 
the form of “foam cells” was prominent in 
liver and spleen, being most pronounced in 
mice of strain C3H, and least marked in C57 
Black animals. 

Discussion. These experiments indicate that 


622 


TABLE IV. Administration of Dye after PVP 
(1 ml of 1% CBE). 


No. and 


sexof Color of—, Dye 

Strain Group animal Urine Serum storage 
Sessa! Mp ao ¥t ¥ 2+ 
Csi Black) pyp 104 Light Pi Smoky G§ — 

tS eas age = 
= }PVP 10¢ LightP SmokyG — 
fc 54 ¥ Y + 
dba ]PVP 104 LightP Yellowto — 
G 
= C — control: *t ¥ — yellow. + P — purple. 


§ G — gray. 


TABLE V. Comparative Dosage of PVP. 


Approx. 3.5% PVP; 
Species wi,kzg PVP,ml g/kg No. of inj. 
Man 70 100) ) ? 
Rabbit* 3 30 -35 16/8 wk 
Mouse 025 5 er 12-24/2-4 wi 


* Nelson and Lusky (8)- 


PVP. or a derivative of it, is stored in reticulo- 
endothelial tissues of the mouse, leading to 
formation of vacuolated and distended cells. 
The extent of storage appears to vary with the 
strain, inasmuch as C57 Black mice exhibited 
less PVP storage, or exhibited it only after 
doses of PVP larger than those required for 
C3H or CBA mice. In previous work(13,14) 
C57 Black mice showed a superior storing 
ability for dyes as compared with C3H mice, 
and in studies of Davidsohn and Stern(17-20) 
they exceeded most other strains in produc- 
tion of hemoantibodies. 

In attempts to evaluate the biologic activity 
of PVP. a comparison of dosage in animal ex- 
perimentation and in clinical use should be 
included. According to Table V, the g/kg 
amount of PVP ior single administrations is 
similar for the 3 examples listed. However, 
the total amount of PVP given will obviously 
depend on the frequency of administration. 

The results of simultaneous administration 
of dye and PVP can be interpreted as indicat- 
ing renal excretion of a portion of the dye, 
before it had a chance to be deposited in 
reticulo-endothelial tissues, while the remain- 
der of the dye was stored together with PVP. 
The observations in mice injected with PVP 
ajter administration of dye appear to indicate, 
in accord with similar findings by Schubert 
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(12), that dye already ingested by macro- 
phages can be dislodged by subsequently ad- 
ministered PVP. Thus eluted dye reappears 
in the circulation, and is at least partially ex- 
creted in urine. It is possible that some of the 
circulating dye may be again taken up by 
reticulo-endothelial cells. This may explain 
the presence of “dye-vacuoles,” representing 
a mixture of dye and PVP, which was found 
in this type of experiment as well as after 
simultaneous administration of dye and PVP: 
Finally, a “blocking” effect on the storing 
ability of reticulo-endothelial tissue was ob- 
served in mice injected with PVP prior to ad- 
ministration of dye. The latter finding is 
paralleled by observations of Barfuss and 
Eichler(4) who reported an impaired reticulo- 
endothelial activity in rabbits injected with 
PVP, as expressed in delayed disappearance 
of Congo Red from the circulation. 

These experimental findings suggest the 
following tentative generalizations regarding 
biologic properties of PVP: 1) it enhances 
renal excretion of dyes; 2) it can displace and 
elute at least partially certain dyes from their 
site of storage; 3) preceding storage of PVP 
may prevent dyes from being deposited in 
reticulo-endothelial tissues. If it is permis- 
sible to consider the dyes used in our experi- 
ments as models of macromolecular substances 
in general, a number of possible implications 
can be considered. Schubert(12) proposed to 
utilize PVP for promoting rapid elimination 
of toxins (diphtheria, botulinum), and quoted 
several reports in which this procedure was 
used with favorable results in animals as well 
as clinically. The “eluting” effect of PVP on 
colloids previously stored in reticulo-endo- 
thelial tissue is in need of additional investiga- 
tion. It is possible that the displacement by 
PVP of stored material depends on chemical 
and/or physical properties of the latter: Ex- 
periments with hemosiderin, thorothrast, India 
ink, and a number of additional dyes are 
under way to test this assumption.. The jn- 
hibition of dye storage by PVP raises the 
question whether this signifies an impaired 
functional activity of reticulo-endothelial tis- 
sue. Preliminary results of immunization ex- 
periments suggest that mice of some strains, 
after treatment with PVP produced lower 


levels of hemoantibodies than controls; these 
findings, however, are not yet conclusive. 


All experiments described in this report 


were terminated shortly after the last PVP 
administration. For this reason no statement 
can be made as to the duration of the storage 
of PVP. It still remains to be established 
whether morphologic and functional changes 
attributable to the administration of PVP are 
wholly or partially reversible, or permanent. 

Summary. 1. Storage of PVP, or of a de- 
rivative of PVP, was observed in mice after 
12-24 injections of a 3.5% solution. The ex- 
tent of storage appeared to depend on the 
mouse strain. 2. Simultaneous administration 
of PVP and sulfonated azo dyes led to renal 
excretion of dye, and to a decrease in reticulo- 
endothelial dye storage. 3. PVP administered 
after dye was given resulted in elution of dye 
from reticulo-endothelial tissues. 4. PVP ad- 
ministered prior to dye injection prevented 
storage of dye. 5. On the basis of these find- 
ings, an attempt was made to evaluate biologic 
properties of PVP. 
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Studies on Platelets. IV. A Thrombocytopenic Factor in Normal Human 


Blood, Plasma, or Serum.* 


(19466) 


Marto STEFANINIt AND Jyott B. CHATTERJEA.? 


From the Ziskind Laboratories of the New England Center and Joseph H. Pratt Hospitals, and 
Department of Medicine, Tufts College Medical School, Boston, 


In abnormal conditions, individuals may 
develop sensitivity to normal plasma and 
respond to its administration with a series of 
symptoms which have been grouped under the 
definition of “plasma transfusion reaction” 
(1). This has been found to occur con- 
sistently in paroxysmal nocturnal hemoglo- 


binuria and, occasionally, in some types of 


* Supported by a grant from The American Cancer 


Society. j 


+ Damon Runyon Senior Clinical Research Fellow. 
+ Fellow of the Rockefeller Foundation. 


blood dyscrasia and extensive carcinomatosis. 
Most of these patients exhibit some degree of 
thrombocytopenia. 


Marked, but transitory thrombocytopenia 
appeared, in our earlier observations(2), to 
be one of the characteristic features of plasma 
transfusion reaction. Further. study, directed 
to investigate the specificity of this finding 
revealed that temporary but significant  re- 
duction in blood platelets usually followed the 
transfusion of compatible blood, plasma or 
serum of normal donors into normal recipients 
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‘THROMBOCYTOPENIC FACTOR IN NormMAL PLASMA 


TABLE IL. Thrombocytopenic Mffect of the Transfusion of Blood, Plasma and Serum in Non 


€ 


Thrombocytopenie Recipionts (28 of 86 Cases), 


Pereentage and time 


Material ~—T'ype and group— f —Diagnosis————, of max platelet drop 
admin, Donor — Reeipient Donor Reeipiont % Hr 
1, Blood O,ede O,cde Polyeythomin vera Normal 46° in ue 
Byinnt A,Cde A,Cde Normal 4 40 1 
Gaoee O,CDe O,CDI oS Idiopathic hypo 63 1 
thrombinenia 
4,Plasma O,¢De 0,CDe Me Normal 48 1 
Cen, oe A,CDe A,ODe 4 +! 51. g 
Pn ae O,CDe O,CDe 34 Lobar pneumonia 54 a 
(convalescent) 
ie af : v uy 48 th 
Seibea “4 O0,CDe i cu 51 1 
ha 4) b,CDe < Normal 9 Wt 
vt O,cd O,Cde ¢ m 45 3 
5 bee O,eDE O,CDe ke Adenoma of prostate — 50 ay 
re O,cde af i Chronic glomer- 58 il 
ulonephritis 
a ae 0,Cde 0,Cde at Obesity Ad. 1 
HW ed A,ODe A ede 4, Cataraet 40 1 
a4; Foret AB,eDE AB,cDe B Neuroasthenia 56 1 
TG. et B,Cde B,Cde m Congenital sphor 68 Vy 
OvYLOSIS\ 
1 ie en A, Ode A,Cde Idiopathic hypo: Peptic ulcer 60 w 
prothrombinemia 
il oad oi f Normal Idiopathic hypo- 62 1 
prothrombinemia 
iE ae O,CDe O,CDe Liver cirrhosis Tron deficioney 43 1 
One is Bedi B,ebe Disseminated lupus Normal 80 At 
VM A A,ed is A,Cde Normal Liver cirrhosis 48 il 
22,8erumt <A,Cde A,CDe ¢ Idiopathic hypo- 76 6 
prothrombinenmia 
2: i ae AB,CDe AB,GDIE +) 


"Transfusion followed by urtiearial rash, 
fever, } Considered a negative result. 


or nonthrombocytopenic patients(3),. = In 
practically all instances, no evidence of clini- 
cal reaction occurred at the ‘time of the in- 
duced thrombocytopenia. 


Materials and methods, Blood, plasma or 
serum were transfused into 36 compatible 
recipients, both normal individuals and pa- 
tients suffering from various diseases but 
with normal platelet count. ‘The recipients 
used in this series were selected from indi- 
viduals who had never been previously trans- 
fused, since substances with agglutinating or 
lysing activity against platelets are demon- 
strable occasionally in the serum of indi- 
viduals who had received multiple blood or 
platelet transfusions(4), The donors, normal 
subjects and a few patients with various 
pathological conditions but with normal plate- 
let level, were fasting for at least 4 hours 
prior to donation. Four hundred ml of blood 


Normal 58 8 


{ Transfusion followed by moderate ehill and 


§ Splonectomized one year previously. 


were collected in vacuum bottles containing 
100 ml of ACD solution.S The plasma 
was separated by centrifugation at 2,000 
rp.m, for one hour and = aspirated into 
vacuum containers. Serum was obtained by 
separation from clotted blood collected in 
vacuum bottles; it was then kept at room 
temperature for 5 hours to allow complete 
neutralization of thrombin and stored at 4°C 
until used. Blood, plasma and serum were 
typed, grouped and cultured, They were ad- 
ministered to compatible recipients within $ 
days of collection, when not otherwise stated, 
in an amount of approximately 10 (blood) or 
5 (plasma or serum) ml/kg weight for adults 
and 16 (blood) or 8 (plasma or serum) ml/kg 
weight in children at a speed of 80 to 100 


$100 ml of ACD solution (Baxter) contain: 
sodium citrate, 1:37 g; citric acid, 0.5 g; dextrose, 
2.45 g, 
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FIG. 1. Changes in hematocrit, red and white blood cells, and platelet count in normal recip- 


ients following transfusion of normal plasma (average values of 31 experiments). 


drops per minute. Nineteen additional re- 
cipients received blood or variously treated 
plasma or plasma products, for a total of 55 
observations in the course of this study. Mild 
clinical reactions were observed in two cases 
only: one recipient receiving serum (No. 16, 
Table I) complained of chill shortly after the 
termination of the transfusion and had fever 
for a few hours afterward; another presented 
urticarial rash at the end of the transfusion. 
Before, immediately after and at various inter- 
vals of time following the transfusion (30 
minutes, 1, 2, 3, 6, 12, 24, 48 hours) several 
determinations were performed in all recipi- 
ents. Hematocrit, red and white cell counts 
and differential count were obtained by stand- 
ard technics(5); platelets were counted in 
duplicate by the indirect method of Dame- 
shek(6). This method is accurate to + 
6.3%. The effect of the induced thrombocyto- 
penia on the various factors and mechanisms 
of hemostasis was studied by means of a series 
of technics which have been outlined previous- 
ly{7). 


Results. a) Effect of blood, plasma, and 


serum transfusion on the formed elements of 


the blood, Moderate drop in the hematocrit 
reading (2 to 4 mm) for approximately 1 to 3 
hours followed the transfusion of plasma (Fig. 
1). At the same time red cell count and 
hemoglobin content decreased slightly (0.3 to 
0.7 million mm* and 0.6 to 1.4 g per 100 
ml respectively), in rough correlation with the 
hematocrit reading. Equivocal changes in the 
white cell count were noted, probably not 
significant in view of the daily fluctuations of 
this value. The number of platelets, on the 
other hand, dropped significantly (more than 
30%) and consistently in 32 of the 36 cases 
studied within 3 hours of the administration 
of blood, plasma or serum. The percentage 
and time of maximum platelet drop are given 
in Table I which includes 23 representative 
cases. The lowest value was reached in most 
cases after 1 hour, the platelet level being 
back to normal as early as 1 hour and as late 
as 48 hours after the transfusion, with an 
average of approximately 4 hours (Fig. 1). 
The transfusion of whole blood in 3 recipients 
caused comparable effects, that of serum was 
associated with more marked and more per- 
sistent thrombocytopenia than in the case of 
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TABLE II. Effect of Transfusion of Normal Plasma and Serum on Platelet Level of a Normal 
Recipient.* 


Platelet level (per mm°‘)— 


Before After lhr 3 hr 6 hr 18 hr 
Plasma (5 ml/kilo wt) 734640 563200 374740 448000 536675 T7S900 
Serum ( 4 ae) 751830 3387740 290560 135600 293400 694400 


* Plasma was injected first; patient allowed to recover completely from effect of transfusion. 


48 hr later serum was injected. 


blood or plasma (Table IT). No hemorrhagic 
manifestations were observed in the course of 
this study. Clotting time of whole blood and 
native plasma in glass and Silicone-coated 
test tubes, clot retraction, prothrombin ac- 
tivity of plasma and serum were never sig- 
nificantly altered during the phase of induced 
thrombocytopenia. Bleeding time and tourni- 
quet test remained normal. Platelets col- 
lected from the recipients at the peak of the 
induced thrombocytopenia appeared function- 
ally active, since they were able to: a) restore 
to normal clot retraction, and b) accelerate 
normally the conversion of prothrombin to 
thrombin when added to normal native plate- 
let-poor human plasma. 

b) Demonstration that thrombocytopenia 
induced by normal plasma is due to activity of 
a plasma component. The administration of 
100 ml of ACD solution (4 cases) and of red 
cells twice washed with saline solution (4 
cases) was not followed by significant throm- 
bocytopenia in normal recipients. These re- 
sults indicated that the thrombocytopenia in- 
duced by transfusion was due to the activity of 
a factor present in plasma (and serum). Jn 4 
cases, however, there was no significant drop 
in platelet level after transfusion of the recipi- 
ent’s own plasma. 

c) Thrombocytopenic effect of normal 
plasma after various treatments. Five hun- 
dred ml of blood were collected from the same 
donors twice at an interval of 3 days. The 
plasma was separated, pooled and divided 
into 2 aliquots. The first was administered 
to a recipient within 2 days and the second 
one was given three days later, after appro- 
priate treatment. These observations were 
run in duplicate, and in the second series the 
order of administration of the treated and un- 
treated plasma was reversed. These experi- 
ments demonstrated that the thrombocyto- 


penic activity of normal plasma was unaffected 
by storage at 4°C for 4 months, heating at 


56°C for 30 minutes, decalcification by pas- | 


sage over a cation-exchange resin (IRC-50) 
(1 g per 10 ml of blood), collection in plastic 
bags through Silicone-coated needles (which 
limits to a minimum the disintegration of 
platelets), passage through a Seitz filter. In 
the last experiment, since the presence of 
sodium citrate interferes with the removal of 
prothrombin by Seitz filters($), plasma was 
obtained by centrifugation from blood de- 
calcified by passage through a column of 
cation-exchanger IRC-50, and was _ subse- 
quently filtered through Seitz under vacuum. 
Finally, administration of adequate amounts 
of heparin sodium to 4 recipients either before 


or during and after the plasma transfusion 


failed to modify the thrombocytopenic effect. 
d) Lack of thrombocytopenic activity of 
plasma after treatment with Ca3(PO;)2 gel. 


Under sterile conditions, 12 ml of Cas(POx)o _ 


gel 0.2 M per 250 ml of plasma to be used 
were centrifuged in 250 ml glass bottles at 
2000 r.p.m. for 10 minutes to precipitate the 
solid gel and the supernatant water decanted. 
Since the presence of sodium citrate prevents 
the absorption of certain plasma proteins by 
gels(9), the blood was decalcified by passage 
through a column of ion-exchange resin IRC- 
50. Plasma was obtained by centrifugation, 
added to the gel, gel and plasma well mixed 
by agitation, and incubated at 37°C for 15 
minutes. Plasma was then separated from the 
gel by centrifugation at 3000 r.p.m. for 1 hour 
in the cold and finally aspirated into a new 
250 ml bottle. When injected into three normal 
recipients, the plasma so treated did not 
demonstrate appreciable thrombocytopenic ac- 
tivity (Fig. 2). 


|| Bought from Fenwalt Company, Ashland, Mass. 
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FIG. 2. Thrombocytopenic effect in normal recipients of untreated plasma, plasma treated with 
tricalcium phosphate gel and the eluate with sodium citrate of the material absorbed on the 
tricalcium phosphate gel. 


e) Elution of the thrombocytopenic factor 
from the Ca3(PO,). gel. The solid part of 
the Caz3(PO,4)2 gel was washed twice with 
cold distilled water, and finally treated with 
15 ml of sodium citrate solution 0.2 M per 
250 ml of plasma absorbed. The gel was 
suspended in the citrate by shaking and the 
bottle centrifuged in the cold at 3000 r.p.m. 
for 1 hour. The supernatant fluid (eluate) 
was separated, controlled for sterility, added 
to 50 ml of saline solution and injected intra- 
venously in a normal recipient. This experi- 
ment was repeated 3 times and in every case 
a thrombocytopenic response practically iden- 
tical to that induced by the original plasma 
was observed (Fig. 2). 

{) Miscellaneous observations. No appre- 
ciable changes in number and “activity” of 
bone marrow megakaryocytes were observed 
in 2 recipients during the period of induced 
thrombocytopenia. Serum collected from the 
recipients at the peak of the induced throm- 
bocytopenia failed to exhibit agglutinating 
or lytic properties against platelets, when 
Samples 
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of capillary (finger) blood and of citrated 
venous blood were collected from several 
recipients at the peak of the induced throm- 
bocytopenia. Smears of capillary blood were 
prepared with Wright’s stain. Plasma con- 
taining most of the platelets was obtained 
by centrifugation of the citrated blood at 500 
r.p.m. for 5 minutes, diluted 1/20 with cold 
buffered saline solution and observed directly 
in the chamber of a hematocytometer. (All 
glassware, syringes and needles were coated 
with Silicone.) In neither case was presence 
of platelet clumps observed. 

Discussion. The etiology of the phenomenon 
here described is open to many speculations. 
The platelet fall was clearly in excess of 
variations of hemodilution or of daily varia- 
tions in the platelet count. Since no throm- 
bocytopenia followed transfusion of the re- 
cipient’s own plasma it is possible that the 
drop in platelet level might have been due 
to mild, sub-clinical transfusion reaction in- 
duced by:a constituent present in plasma or 
released from the formed elements of the 
blood. Transfusion reactions either hemolytic 
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(10) or due to plasma reaction(2) are ac- 
companied by thrombocytopenia, at times 
severe enough to induce hemorrhagic mani- 
festations(10).. Only 2 of the recipients in- 
cluded in this study, however, showed evi- 
dence of reaction, and the thrombocytopenia 
was, in these cases, not greater than that 
usually observed. As no recipient in this 
series had previously received blood or plasma, 
the possibility that thrombocytopenia might 
be due to sensitization to blood er plasma 
products, although not disproved, is rather 
remote. The thrombocytopenic activity of 
normal plasma could also have been due to 
incompatibility of the platelet products in- 
jected into the recipient. Although suspected, 
the existence of platelet groups has not been 
firmly established thus far. The relative uni- 
formity of the thrombocytopenic effect (this 
failed to occur in only 4 of 36 recipients) 
seems to limit the role of platelet incompati- 
bility in the phenomenon, but this aspect 
deserves further investigation. 

Occasional severe prolonged thrombocyto- 
penia, at times with occurrence of spontaneous 
bleeding manifestations, has been reported in 
normal individuals receiving plasma of pa- 
tients with idiopathic thrombocytopenic pur- 
pura(11). This could conceivably be due to 
an excess of the thrombocytopenic factor 
present in normal plasma. - Since platelets are 
destroyed at greatly increased rate in idio- 
pathic thrombocytopenic purpura(12), one 
may ask whether the thrombocytopenic factor 
is not related to products of platelet disinte- 
gration. Serum, where most products of 
platelet disintegration are probably found, is 
in fact able to produce more sustained and 
pronounced thrombocytopenia (Table II). 
This aspect is being investigated at present, 
together with the possibility that the throm- 
bocytopenic factor might be related to agents 
active in the process of blood coagulation, 
some of which exhibit similar physico-chemical 
properties. 

The pathogenetic mechanisms through which 
thrombocytopenia is produced remains un- 
solved. Platelet production by the bone 
marrow megakaryocytes was not inhibited 
during the period of induced thrombocyto- 
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penia. The thrombocytopenic effect was of 
similar magnitude in 2 previously splenecto- 
mized recipients. There was no evidence of 
agglutination of platelets in the circulation 
of the recipient, nor was thrombocytopenia 
prevented by the administration of heparin, 
which decreases the agglutinability of plate- 
lets in vive and in vitro. Platelets obtained 
from recipients at the acme of the induced 
thrombocytopenia appeared functionally ac- 
tive and sera, collected at the same time, did 
not agglutinate or lyse normal human plate- 
lets. Further investigation is In progress. 


Summary. 1. Temporary, but significant 
thrombocytopenia was noted in 32 out of 36 
individuals receiving compatible blood, plas- 
ma or serum from non-thrombocytopenic 
donors. No spontaneous bleeding manifesta- 
tions, alterations of the various hemostatic 
mechanisms, changes in number or activity of 
the bone marrow megakaryocytes, alterations 
of function or morphology of the remaining 
platelets, agglutinating or lysing activity of 
the recipient’s serum against normal platelets 
were note’. Heparinization of the recipient 
did not affect the thrombocytopenic effect of 
the transfusion of compatible plasma. 2. The 
thrombocytopenic effect was apparently due 
to a component of plasma, stable at 56°C, no* 
absorbed by Seitz filters nor by ion-exchange 
resins, but absorbed on Ca3(PO:)> gel from ~ 
which it could be eluted with sodium citrate 
solution. Work is in progress to establish 
the nature, the mechanism of action of this 
agent, and its relation to products of platelet 
destruction. 
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Direct Titrimetric Method for Determination of Carbonates in Small 


Amounts of Serum.” 
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ALBERT EpwArp SOBEL AND SeyMouR EICcHEN.! 


From the Departments of Chemistry of the Jewish Hospital of Brooklyn, Lenox Hill Hospital, 
and Polytechnic Institute, Brooklyn, N. Y. 


This paper presents a simple, direct acidi- 
metric titration procedure for the estimation 
of carbonates, employing small volumes of 
serum or plasma. A simple method employing 
small volumes has often posed a critical prob- 
lem in the management of newborns and pre- 
matures. The principle of the new method 
is: 1) HCO; + Ba(OH)2—> BaCO, (ppt.); 
2) Ash to remove organic material (not neces- 
sary for pure inorganic solutions); 3) BaCO, 
+ H;BO; (hot 10% sol. in excess) > 
Ba(H2BO;)2; 4) Ba(H2BO;)2 + 2HCl > 
BaCl, + 2H;BO;; bicarbonate ion is pre- 
cipitated as the barium salt, by the addition 
of barium hydroxide directly to the solution 
to be analyzed (i.¢., serum or plasma). The 
barium carbonate is dissolved in a hot solu- 
tion of 10% boric acid in a manner similar 
to that described for dissolving calcium car- 
bonate in the ultramicro estimation of serum 
calcium(1-3). This solution is diluted and 
titrated directly with standard hydrochloric 
males to the pH of pure boric acid solution of 

similar strength. This titration represents 
the amount of carbonate in equivalents. A 
correction is made for the bicarbonate pres- 
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ent in the reagents. The new method has a 
number of desirable features. The procedure. 
is simple and accurate in spite of the small 
amounts involved. The direct titration as 
employed has a sharp end point. Only the 
stable standard acid is used (in contrast to the 
hitherto available titrimetric methods where 
serum carbonate is converted to carbon diox- 
ide gas which is distilled into an excess of 
barium hydroxide, and the excess is then back 
titrated) (4,5). It is possible to set up simul- 
taneously any number of determinations and 
complete all of them in about 1% to 2 hours, 
the overall working time (with large numbers 
of determinations) being distinctly less than 
in the gasometric procedures of Van Slyke 
(6). Moreover, the hazard of handling large 
amounts of mercury is avoided and the clean- 
ing problem is eliminated. The equipment is 
less expensive, and on the scale described in 
this paper, the method is not hinged to an 
ultramicro burette, which was employed, since 
with 0.1 N standard acid instead of 1.0 N 
acid one can use the usual type of two 
milliliter microburette. Conversely, in em- 
ploying more dilute standard acids, such as 
0.1 or 0.01 N, it is possible to modify this 
method from 0.01 ml to 0.001 ml of sample. 
The drawback of the new method is that it 
requires about 134 hours for a single de- 
termination, which prevents it from being used 
in emergencies. Another drawback is that 
a modicum of experience must be acquired 
in determining the reagent blank, which in this 
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method is about 2 to 5% of the total titration 
obtained for a normal blood serum. As re- 
gards the time factor, it is likely to be 
shortened in the future. Preliminary experi- 
ments indicate that further simplifications 
and greater speed are possible using sodium 
ethylene diamine tetraacetate (SED)(7) to 
titrate the barium in tthe precipitate after the 
barium carbonate is dissolved in dilute hydro- 
chloric acid. It will eliminate the drying and 
ashing step and the solution of the barium 
carbonate in hot 10% boric acid, and thus 
a method requiring an overall time of twenty- 
five to thirty minutes may become feasible. 
Procedure. Reagents. 1) Saturated barium 
hydroxide sol. 60 g of C.P. Ba(OH)s * 8H20 
per 1000 ml of distilled water. The solution 
is filtered and protected in a soda-lime tube. 
For the method, ‘this solution was placed in a 
self-filling Machlett burette of 5 ml capacity, 
calibrated in 0.01 ml and protected with a 
soda-lime tube. The delivery arm from the 
upper bulb is filled with glass wool to remove 
any precipitate that may form. 2) Washing 
fluid I. Equal volumes of 95% alcohol and 
distilled water are placed in a self-filling 
Machlett burette of 5 ml capacity, protected 
with a soda-lime tube. Prior to mixing, the 
95% ethyl alcohol is redistilled over barium 
hydroxide, and the water is boiled to remove 
dissolved carbon dioxide. 3) Washing fluid 
II. Previously boiled distilled water con- 
tained in a self-filling burette, protected with 
a soda-lime tube, or simply freshly boiled 
distilled water. 4) Boric acid sol. 10 g of 
recrystallized C.P. HsBOs3 is dissolved in 
about 100 ml of distilled water by heating. 
This solution is supersaturated at room tem- 
perature, and consequently it is heated before 
use until the boric acid has gone into solution. 
The solution is used while hot. 5) Indicator 
sol. 5 parts of 0.1% Brom Cresol Green are 
mixed with 1 part of 0.1% Methyl Red. 
0.04 ml of this indicator mixture is ‘used for 
each ml of carbon dioxide free water. 6) 
Standard sol. of sodium carbonate—238.2 mg 
of Bureau of Standards grade NasCO3 is 
diluted to 100 ml. 0.1 ml of this solution 
will evolve 0.05 ml of carbon dioxide (50 pl) 
measured at standard conditions. 0.1 ml = 
2.248 uM. 7. 1.0 N acid is standardized 
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against the sodium carbonate solution using 
Brom Cresol Blue. 8. Anticoagulant—3 g of 
ammonium oxalate and 2 g of potassium 
oxalate are dissolved in 500 ml of distilled 
water. 0.1 ml is dried and used: for each ml 
of blood. Instead of this mixture, 0.2 mg of 
heparin per ml of blood can be employed. In 
most cases, anticoagulant was not employed. 

Apparatus. 1. Microburette—The Gilmont 
ultramicro burette was used in this study. 
The total capacity of this burette is 100 yl. 
The total volume can be delivered in steps of 
1/1000 of the total so that each scale is 0.1 
vl and 0.01 pl can be estimated with a fair 
degree of accuracy. The stirring device of 
the manufacturer was discarded and in its 
place a Spinal (Quincke) B-D Yale Luer-Lok 
was used. The needle point was ground flat 
and the Luer-Lok end was ground so as to 
form a round cylinder instead of the normal 
4-sided appearance. This modification allows 
the air stream that is used for agitation dur- 
ing titration to be introduced to the very 
bottom of the tube. When an air stream is 
employed a soda-lime tube is introduced to 
remove the carbon dioxide. Other ultramicro 
burettes or 2 ml-microburettes may be em- 
ployed. When the smallest calibration of the 
ultramicro burrette is 0.001 ml the standard 
acid should be 0.1 N and when the smallest 
calibration is 0.01 ml, 0.01 N acid should be 
employed. 2. Centrifuge tube. This is a 
specially designed Pyrex glass tube with a flat 
bottom described by Sobel and Sobel(1). A 
standard 5 ml Pyrex conical tube, although 
less convenient, may also be employed. 3. 
Stoppers. Rubber or cork stoppers which fit 
the tube tightly are employed. 4. Pipette. 
0.1 ml pipette was a capillary Mohr pipette 
graduated to 0.01 ml between the marks. The 
overall length of the graduated portion is 
about 140 to 150 mm. Alternately, one may 
employ one of the ultramicro pipettes de- 
scribed by. Kirk (8). 

Collection of specimens. 0.5 ml of whole 
blood is obtained without stasis and is imme- 
diately introduced under mineral oil in a 2 to 
4 ml test tube. For analysis on serum the 
blood is permitted to clot and is centrifuged 
at 2000 rpm for 5 minutes to obtain the clear 
serum. For obtaining plasma values in these 


studies, 0.2 ml of anticoagulant was dried in 
the tube first and the blood added and tapped 
to ensure adequate mixing. To eliminate 
water shifts, heparin may be employed as an 
anticoagulant. An alternate procedure of col- 
lecting specimens from the finger-tip is that 
described by Sobel, Besman, and Kramer(9). 
It must be remembered that fingertip values 
represent mostly arterial blood. 

Procedure. 0.1 ml of serum or plasma is 


measured into a centrifuge tube to which is 


added 0.9 ml of carbon dioxide free water, 


_ and the contents are mixed by gently tapping. 


(Note: Always keep the centrifuge tube stop- 
pered.) This is followed by the addition of 
0.3 ml of saturated barium hydroxide. The 
contents of the tubes are mixed by gently tap- 
ping, and after a precipitate appears, which 
takes usually less than one minute, 0.5 ml of 
the alcohol-water washing mixture is added to 
each tube. The contents of the tube are mixed 
by gently tapping and centrifuged at 2000 
rpm for 10 minutes. The supernatant fluid is 
decanted or aspirated off. The precipitate is 
mixed with the little fluid remaining at the 
bottom of the tube and again washed by 
adding 1 ml of the alcohol-water mixture and 
suspending the precipitate in the fluid. The 
contents of the tubes are centrifuged as above. 
The washing procedure is repeated, this 
time with carbon dioxide free water. (This 
last washing was found to be empirically 
better than the alcohol-water washing because 
it removes the last traces of precipitating 
agent.) After centrifuging, as much of the 
supernatant fluid is removed as is feasible 
without disturbing the precipitate, and the 
tubes are placed in an air oven at 110° to 
120°C until dry (about 20 minutes), and in a 
muffle furnace to incinerate organic matter 
adsorbed to the precipitate. (This step is not 
necessary for inorganic solutions.) After re- 
moval from the furnace, the tubes are allowed 
to cool. They are then immersed in a small 
boiling water bath, and to each tube 0.2 ml of 
hot 10% boric acid is added. After one to 2 
minutes each tube is tapped to assist in the 
solution of the barium carbonate. ‘The solu- 
tion containing the dissolved precipitate is 
diluted with 0.8 ml of distilled water contain- 
ing the indicator, and allowed to cool to room 
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TABLE I. Influence of Dilution on Completeness 
of Precipitation. 


Carbonate 
Specimen precipitated, Van Slyke 
(.1 ml) H,O,* ml vol % value, vol % 
ae 39.1 63.5 
Serum I siseett 51.4 63.5 
Bens 63 63.5 
Standard ea 50.1 50.1 
NaHCO; .4 50.4 50.1 
sol.t sree, 50.7 B0aL 


* The administration of water was followed by 
.3 ml of saturated Ba(OH)» and 1 ml of alcohol- 
water mixture, and treated as described under 
Procedure, 

t Theoretical = 50 vol %. 


TABLE II. Influence of Ba(OH)». Concentration 
on Completeness of Precipitation. 


-—Authors’ method, vol %——\ 


Final cone. of NaygCO3; 
Ba(OH)o:8H,O Serum 1 Serum 2 standard 
1, 41.2 52 50.1 
1.4 72 63.2 0.6 
2 72.7 63.9 a1.5 
2.5 3} 64.3 O17 
Value by method | 
of Van Slyke, _ + 72.3 63.4 50.2 
J 


et al. 


temperature. It is then ready for titration 
with an ultramicro burette. The tip of the 
burette is immersed below the surface, while 
a gentle stream of nitrogen or air is bubbled 
through. The solution is titrated back to the 
pH of a pure boric acid solution of similar 
strength. A titration blank containing only 
the boric acid and the indicator solution is 
used as the color matching tube. The blue to 
pink end point is very sharp and a Sensitivity 
to 0.00001 ml can be obtained. This cor- 
responds to an ability to detect 0.05 meq/ 
liter of carbon dioxide. Several reagent 
blanks are run through with each determina- 
tion. The value is subtracted from the values 
obtained on the unknown specimen. — 

Calculations. 1 pl of 1 N acid = 0.5 pE 
of bicarbonate, or 11.13 pl of carbon dioxide. 
If 0.1 ml of blood serum is used, then meq/L 
= pl of titration x 5, and volume % = ul of 
titration x 11.13. 

Discussion of procedure and results. As is 
evident in Table I, preliminary dilution of 
plasma or serum is necessary for complete pre- 
cipitation, although this is not the case for 
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TABLE III. Comparison Between Authors’ Titrimetrie Method and the Manometrie Method 
of Van Slyke, in 30 Patients. 


Authors’ % of 
Condition method Van Slyke Van Slyke 
Diagnosis of sample COs, vol % CObg, vol % value 
Coronary Clear 55.3 56.5 98 
Post op. hernia PA 60.3 58.4 103 
Coronary ia 68.8 66.6 103 
Pleurisy i 62.8 62.8 100 
Chronic pancreatitis ie 62 60.7 102 
Urethral growth ef 58.5 58 101 
Cirrhosis 6 54.7 54.8 100 
Malignancy i 65 68.1 96 
Thrombophlebitis i 65 64.8 100 
Possible uremia . 48.3 48.6 100 
Coronary Chylous 64.5 62.7 103 
Vaginal bleeding Clear 59.5 59.5 100 
Cholecystitis i 55.1 53.5 103 
Incomplete abortion i 58 58.2 100 
Coronary a 62.8 2.5 101 
Coronary 2 65.6 65.8 100 
Fever of unknown origin ue 62.2 62.4 100 
Coronary a 57.6 57.6 100 
Bleeding ulcer Hemolyzed 59 60.5 98 
Coronary Clear 59.5 61.8 97 
Acidosis 4 25.5 25.9 98.5 
Undetermined ‘4 59.3 60 99 
3 e 45.5 45.5 100 
Fe # 41 42 98 
x 2a 50 49.1 101 
me Y 41.8 41.9 100 
s 51.1 50.7 100 
‘3 af 58.8 59 100 
iG 3 44.4 44.2 100 
fe e 52.2 52.3 100 
Mean 55.80 55.81 100.05 


Std. dev. + 1.698 
Std. error + «3100 


pure inorganic solutions. ‘The explanation 
may be that some of the carbonate is protein 
bound. This point may require further study, 
and the difference between carbonate that can 
be precipitated in concentrated serum, as com- 
pared to that in diluted serum, may be a 
measure of some deviation from the normal in 
clinical conditions. 

Conditions of precipitation. In precipitat- 
ing the barium carbonate, at first an attempt 
was made to follow the conditions described 
by Exton e¢ al.(10), as the first step in the 
precipitation of serum carbonate. However, 
under these conditions the precipitation of 
barium carbonate was only 60% to 70% 
complete in the absence of Celite which these 
authors employed. A systematic investiga- 
tion, shown in Table II, indicated that when 
the concentration of Ba(OH).». * 8H2O in the 
reaction mixture is about 1.4%, the serum 


carbonate is quantitatively precipitated. This 
concentration was therefore chosen for the 
conditions of precipitation, since any further 
increase would simply increase the reagent 
blank, and much below this level, the precipi- 
tation is incomplete under the conditions pre- 
sented. It must be pointed out that the con- 
centration of barium hydroxide in Table I 
is given prior to the addition of the alcohol 
and water. The addition of the alcohol- 
water mixture following barium hydroxide was 
introduced because it was observed that the 
results with serum are somewhat lower even 
though in standard solutions precipitation 
was complete. The alcohol.may accomplish 
a dual purpose, that is, decrease the solubility 
of barium carbonate as well as assist in the 
decomposition of protein bound carbonate. 
The conditions for washing were arrived at 
empirically, and it is by no means certain that 
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further investigation may not produce alter- 
nate procedures equally satisfactory. 

Results. Table III presents a series of 
analyses on blood serum taken under oil, com- 
pared to results on the manometric method of 
Van Slyke ef al.(6). The mean result is 
100.05% of the Van Slyke value with a stand- 
ard deviation of +1.70 and a standard er- 
ror of 0.31. Thus, it is evident that the 
present method yields a fairly high degree of 
precision even though carried out on one-tenth 
of the amounts that the Van Slyke method 
employs. 

Summary. 1. A direct acidimetric titration 
method is presented for the estimation of 
serum carbonate in small volumes of serum or 
plasma. Serum bicarbonate is precipitated as 
the barium salt by the addition of barium 
hydroxide, the precipitated bicarbonate is dis- 
solved in hot boric acid, and the Ba(H2BO3) 2 
in solution is titrated with standard acid to 
the pH of a pure solution of boric acid with 
the aid of an ultramicro burette. The titra- 
tion represents the bicarbonate in equivalents. 
2. Various critical points in the method were 
investigated and are discussed. The probable 
existence in serum of a protein bound car- 
bonate is indicated. There is close agreement 
between the values obtained in this method 
on 0.1 ml of serum and the results obtained 
by the manometric procedure of Van Slyke, 
employing 1.0 ml of serum. 
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Comparative Studies of the 8 Disturbance of Electrophoretic Patterns 


in Disease. 


(19468) 


J. I. RoutH anp W. D. Pauvt. 


From the Departments of Biochemistry and Medicine, College of Medicine, State University 
of Iowa, Iowa City. 


In electrophoretic patterns of the descend- 
- ing boundary of plasma or serum obtained by 
the Schlierin scanning technic, the 8 globulin 
component often contains a sharp spike ex- 
tending upward. In an electrophoretic study 
of the serum from poliomyelitis patients, 
Kelley and coworkers observed a definite de- 
crease in the length of this 8 spike(1,2). 

In recent studies on poliomyelitis in this 


laboratory(3), the decrease of the length of 
the 6 spike in plasma and serum patterns was 
compared with those from normal individuals. 
Since the results, especially those from normal 
individuals, did not agree with those reported 
by Kelley ef al.(2), it was decided to compare 
the length of the 6 spike of electrophoretic 
patterns of plasma and serum from several 
diseases. 
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TABLE L. The Beta Spike of Electrophoretic Patterns of Plasma, 


Change in length of 
Ratio of beta heta epike, J 
No. of spiketoalbu- None or 
Disease samples min peak, % slight Marked 
Normals—children 77 424 a9 61 
7" —adults 37 46,2 45.9 541 
Poliomyelitis 134 364 37.3 62,7 
Bheumatice fever 224 41.3 86,2 63.8 
Liver disease 142 94.2 36.6 63.4 
Diabetes 202 aLA 16.3 83.7 
Arthritis 134 42 44, 56 
Arthritis before 19 245 15,4 84,2 
AOTH or cortisone 
Arthritis after 24 5L1 41.6 58.4, 


AOTH or cortisone 


Experimental. The plasma and serum sam- 
ples were obtained from normal children, 
normal adults and from patients with various 
diseases. These samples were diluted with 3 
volumes of a barbiturate buffer, pH 8.6, ionic 
strength 0.1, and dialyzed at 2 to 6°C for 
3 days with daily change of buffer. Electro- 
phoresis was carried out for 120 minutes in 
the Longsworth modification of the Tiselius 
apparatus using the analytical cell. The elec- 
trophoretic pattern of the descending boun- 
dary was used for the measurement of the 
length of the 8 spike. Complete electro- 
phoretic data on the plasma and serum pat- 
terns from many of the subjects in this paper 
have already been reported in previous pub- 
lications from this laboratory. 

Kelley and coworkers graded their patterns 
as follows: O or no change from the normal, 
where the @ spike was long and narrow and 
extended upward to the full length of the 
albumin peak. 1-+ indicated a shortening and 
broadening of the 8 spike with the length 
equal to about 2/3 that of the albumin peak. 
2+ indicated a marked decrease of the 6 
spike to approximately 1/3 the length of 
the albumin peak. 3+ indicated complete 
absence of the £ spike. 

An attempt was made to devise a more 
quantitative comparison of the 6 spikes of 
the various electrophoretic patterns. For this 
purpose, the albumin peak and @ spike of each 
pattern were measured. A ratio representing 
the length of the 8 spike expressed as a pert- 
centage of the length of the albumin peak was 
then calculated. Values obtained in this 


/ 
fashion were compared with the Kelley system 
of rating. Since a range of values was neces- 
sary for accurate comparison, these are also 
shown. below. 

wie 
0 = 100% (of the length of albumin peak) or 
a range of 43.3 to 100% 
+1 — 66.6% or range of 50 to 83.3% 
+2 — 333% or range of 16.6 to 30.0% 
+3 — 0 or range of 0 to 16.6% 
No or slight change, 50 to 100% 
Marked change, 0 to 50% 


Results. “employing the rating system out- 
lined above, the length of the 8 spikes of 
approximately 1100 plasma and 500 serum 
patterns were examined, Table J represents 
the results obtained from the plasma samples. 
A comparison of the ratio of the length of the 
f spike to the length of the albumin peak of 
these patterns shows that plasma from normal 
children or adults exhibits a ratio similar to 


_those from patients with various diseases, Al- 


though the average length of the 6 spike in 
disease was shorter than that from normal 
individuals, this difference was not as marked 
as that in the serum samples reported by 
Kelley and coworkers. An interesting ob- 
servation was the marked increase in the ratio 
observed in a small group of arthritis patients 
after treatment with ACTH or cortisone. 


Kelley et al. designated a change in the 
length of the @ spike as “no or slight” if the 
pattern was judged O or +1. They called a 
change “marked” if the pattern was judged 
+2 or +3. For comparative purposes, our 
patterns were judged as previously described 
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TABLE II. The Beta Spike of Poliomyelitis Plasma Patterns. 


Change in Jength of 


Ratio of beta beta spike, % 
No. of spike toalbu- None or 
Patient classification samples min peak, % slight Marked 
All patients 134 36.4 Ses 62.7 
Spino-bulbar 22 37.8 40.1 59.1 
Spino-bulbar, died 13 27.4 30.8 69.2 
With paralysis 17 38.7 35.3 64.7 
With weakness 23 37.8 30.5 69.5 
Abortive or non-paralytic 72 35.7 37.5 62.5 


TABLE III. The Beta Spike of Electrophoretic Patterns of Serum. 


Ratio of beta 


Change in length of 
beta spike, % 


No. of spike toalbu- None or 
Disease samples min peak, % slight Marked 
Normals—children 19 29.3 21.1 78.9 
ig A 20 — 80 20) 
Kelley et al. 
Normals—adults 24 36.2 29,2 70.8 
Poliomyelitis 47 38.3 34.1 65.9 
3 Kelley et al. 142 — 5G 50 
Rheumatic fever 132 35.7 24.2 75.8 
Liver disease 80 21.6 20 80) 
Diabetes 54 27.6 18.5 81.5 
Arthritis 72 48.2 52.8 47.2 


and divided into those showing marked change 
and those showing no or slight change. These 
values are shown in Table I and exhibit 
marked similarity, with the exception of pat- 
terns from diabetes and the small group of 
arthritis patients before treatment with 
ACTH or cortisone. - 

A similar study of the 8 spike in plasma 
samples from poliomyelitis is shown in Table 
II. The classification of patients is similar 
to that previously reported from this labora- 
tory(3). Kelley and coworkers were unable 
to observe a correlation between the change 
in the length of the 8 spike and the age and 
sex of the patient, the extent of paralysis, the 
occurrence of bulbar symptoms or the tem- 
perature and pulse of the patient at the time 


_ the blood sample was obtained. The only 


marked difference in the ratio of the § spike 
to the albumin peak was exhibited by the 


patients with spino-bulbar poliomyelitis that 


died. Also, this group and the group of 
patients that exhibited weakness had the 
highest percentage of marked changes in the 
8 spike. 

Table III presents a study of the changes 


in the length of the £ spike in serum samples. 
The ratio of the 8 spike to the albumin peak 
in these patterns shows similar values for nor- 
mal individuals and patients with various 
diseases. The difference in our results and 
those obtained by Kelley et al. is clearly 
shown in the last 2 columns in Table III. 
Kelley’s value for normal children shows a 
high percentage of patterns with long @ spikes 
which would result in a very high ratio of the 
8 spike to the albumin peak. Our values for 
normal children and adults almost reversed 
those of Kelley et al. The changes in length 
of the 8 spike shown by our patients with dis- 
ease are, in general, more marked than those 
reported by Kelley and coworkers in polio- 
myelitis. Patients with arthritis were the 
only ones that exhibited patterns similar to 
those of Kelley et al. 

Discussion. The essential difference be- 
tween our results and those reported by Kelley 
and coworkers is the length of the 8 spike in 
electrophoretic patterns obtained from normal 
individuals. Apparently a 8 spike which ex- 
tends upward to the full length of the al- 
bumin peak is not characteristic of a normal 
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individual or of a patient with disease. ‘The 
appearance and length of the 8 spike depends 
somewhat on the dietary state of an indi- 
vidual, the amount of fat present in the blood, 
and the time of withdrawal of the blood sam- 
ple. It is interesting to note that in the 
classical electrophoretic patterns reported by 
Longsworth and coworkers the 8 spike was 
evident in most patterns and was long and 
narrow(4). On the other hand, patterns re- 
produced in more recent publications very 
often show a very short 8 spike or in some 
cases the complete absence of this spike. It is 
also interesting to observe that in the present 
investigation plasma and serum samples from 
normal children exhibit shorter 8 spikes than 
those from normal adults. 

Before drawing any definite conclusions as 
to the cause of the slight differences between 
the length of the £ spike in patterns from 
normal individuals or those from patients with 
disease, the origin of the 8 spike must be de- 
termined. We plan to extend this investiga- 
tion to include a study of the origin of the B 
spike in electrophoretic patterns of plasma 
and serum. 


Summary. 1. Electrophoretic patterns of 
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approximately 1100 plasma and 500 serum 
samples have been examined for changes in 
the length of the 8 spike. These samples were 
obtained from normal children and adults and 
from patients with poliomyelitis, diabetes, 
rheumatic fever, arthritis, and liver disease. 
2. Minor changes occurred in the average 
length of the 8 spike in electrophoretic pat- 
terns from plasma and serum when patients 
with disease were compared with normal in- 
dividuals. These changes were also observed 
when patterns from patients with one disease 
were compared to patterns from other dis- 
eases. These changes were not marked 
enough to differentiate between diseases or 
between normal individuals and those with 
disease. 


1. Kelley, V. C., Briggs, D. R., and Jensen, R. A, 
J. Pediat., 1946, v29, 433. 

2. Kelley, V. C., Doeden, Doris, Hall, T. N., and 
McQuarrie, I., J. Pediat., 1949, v35, 752. 

3. Routh, J. I., and Paul, W. D., Arch. Phys. Med, 
1951, v32, 397. 

4. Longsworth, L. G., Shedlovsky, T.. and Mac- 
Innes, D. A., J. Exp. Med., 1939, v70, 399, 
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Effect of Lyxoflavin on Growth of Baby Pigs Fed a Synthetic Diet. (19469) 


R. C. WAnLstRomM AND B, CoNNoR JOHNSON. 


From the Division of Animal Nutrition, University of Illinois, Urbana 


In 1949 Pallares and Garza(1) isolated 
from human heart myocardium a_pentose- 
flavin which they identified as 1-lyxoflavin. 
The significance of the presence of lyxoflavin 
in human heart muscle was not discussed by 
these investigators. However, Emerson and 
Folkers(2) have suggested the possibility that 
lyxoflavin may be a new member of the vit. 
B complex. Lyxoflavin differs from riboflavin 
only in the configuration of the groups about 
carbon 4 of the pentose side chain. 

The present experiments were designed to 
study the effect on growth of feeding lyxo- 
flavin to baby pigs on a “synthetic milk” 
ration containing all of the known nutrients. 

Experimental, Baby pigs from one to 2 


days of age were used as experimental animals. 
The technic of feeding and care of the animals 
has been described by Johnson e¢ a/.(3). The 
composition of the basal rations used in these 
experiments is given in Table I. In addition 


TABLE I. Composition of Basal Diets. 


Casein Alpha-protein 


diet, % diet, % 
Casein (vit.-free) 25 — 
Alpha-protein — 24.6 
pL- Methionine _- 4 
Sucrose 68 68 
Cottonseed oil 1 
Minerals 6 6 


The above materials were made into a ‘‘milk?? 
containing 19.5% solids, 


ements 


bs Oy cet so ere ek 
U 3 “lo ala 


Vitamins* added/liter ‘‘synthetie milk’? 


mg 
Thiamine hydrochloride 1 
Riboflavin 2 
Pyridoxine hydrochloride 2 
Ca pantothenate 12 
Nicotinic acid 4 
Inositol 40 
Choline 400 
Biotin 016 
Ascorbie acid .016 
Folic acid 08 
2-Methy1!-1,4-napthoquinone 4 
Alpha tocopherol acetate 1,54 
Vit. A 3000 I.U, 
Ds 300 I.U. 
By 8 pg/kg body wt 
/day, given by 
inj. 


* Thiamine hydrochloride, riboflavin, pyridoxine 
hydrochloride, Ca pantothenate, nicotinic acid, bi- 
otin, ascorbic acid, erystalline vit. Byy, alpha to 
copherol acetate, choline chloride and synthetic 
L-lyxoflavin were supplied by Merck and Company, 
Inc., Rahway, N. J., through the courtesy of Dr. D. 
¥F. Green and Dr. Karl Folkers. Folic acid was 
supplied by Lederle Laboratories, Inc., Pearl River, 
N. Y., through the courtesy of Dr. T. H. Jukes. 


the pigs were given protamone at a level of 
0.01% of the dry matter of the ration in order 
to enhance the development of a deficiency 
state by increasing the metabolism of the 
animal. In a preliminary experiment it was 
found necessary to substitute “milk” contain- 
ing 30% of lard for the low fat milk during 
the first few days. The amount was gradually 
decreased so that by the end of the first week 
the pigs were receiving the “synthetic milk” 
as described in Table I. In a preliminary 
experiment protamone was fed at a level of 
0.1% of the dry matter of the diet. This level 
of protamone resulted in a high mortality rate 
and the level was therefore reduced in the 
subsequent experiments. 

A summary of the total performance of the 
pigs in Exp. 1 and 2 is shown in Tables II 
and III. In Exp. 1 the pigs received the 
casein basal ration for 49 days. Group 2, 
which received lyxoflavin supplementation (4 
pg per g of dry matter), outgained the control 
group at a highly significant rate on signifi- 
cantly less dry matter consumed per kg gain 
in body weight. Because of the loss of several 
pigs in this experiment due to the physical 


_nature of the diet, alpha-protein was substi- 
tuted for the casein in Exp. 2. The data of 
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this experiment are given in Table 1IJ. Using 
the analysis of covariance (Fisher(4), and 
Snedecor(5)), the difference in weight gains 
brought about by the addition of 4 pg of 
lyxoflavin per g of dry matter consumed was 
found to be very highly significant (P 
<0.001). 

To study the presence of lyxoflavin in urine 
or tissues a differential assay procedure was 
developed by assaying standard riboflavin and 
standard lyxoflavin solutions and mixtures of 
the 2 both microbiologically and fluorometri- 
cally. For the fluorometric assay the solutions 
were adsorbed on florisil and the riboflavin 
and/or lyxoflavin was eluted by passing 20 to 
23 ml of a solution of 20% pyridine in 2% 
acetic acid through the column. The eluate 
was made up to 25 ml. To an aliquot of the 
eluate was added 2 drops of glacial acetic acid 
and 2 drops of 4% potassium permanganate, 
and the solution was swirled and Jeft to stand 
for 2 minutes. The solution was then cleared 
with 3 to 4 drops of 3% hydrogen peroxide 
and the fluorescence determined in a Coleman 
12A fluorophotometer. A dilute solution of 
sodium fluorescein was used as primary stand- 
ard. The results of a series of fluorometric 


TABLE If, Response of Baby Pigs to Lyxoflavin 


(£xp.1). 
Group 2 
Group J basal +- 
Items compared bagal Jyxoflavin 
No. of pigs 3 4 
Avg initial wt, kg 1,9] 1,82 
of Fistral 18,25 19,96 
” total gain ” 16.34 18,14” 
” daily food consumed, kg D2 DB 
” food consumed 1.56 1,434 


(per kg gain) 


* Highly significant over Group 1 (P = <.01). 
t Significant over Group 1 (P = <.05). 


TABLE ISS. Response of Baby Pigs to Lyxoflavin 
(Exp. 2). 


Group 2 


Group J basal + 
basa) lyxoflavin 
No. of pigs 4 a) 
Avg initial wt, kg 1.46 1,41 
” total gains (8 wk) 14.72 16,40” 
” food consumed 1.72 1,64 


(per kg gain) 
* Significant over Group 1 (P = <.601). 


638 LYXOFLAVIN ON GROWTH OF PIcs 


TABLE IV. Lyxoflavyin and Riboflavin Excretion in Urine of Pigs (mg per Day). 


Riboflavin Lyxo- % l\yxoflavin 
No. of Lyxoflavin Riboflavin +1lyxoflavin flavin intake exereted 

Group No. pigs intake excreted* excretedt excreted? in urine 
L Exp.} 2 2.3 2.4 

2 1 2.5 2.6 
Avg both exp. 2.4 2.5 
IT Exp. 1 3 2 2.3 Beal 1.2 60 

2 5 2.7 2.75 3.9, 1.8 66 
Avg both exp. 24 2.57 3.6 1.58 65.8 


* By L. casei assay. 


+ By fluorescence assay. 


¢ Difference between casei assay and fluorescence assay multiplied by 100/58.7 and corrected 
for the 106 (avg) wg per day higher riboflavin exeretion by fluorometric assay of the Group I 


pigs. 


readings gave values for the lyxoflavin of 55.5 
to 60.4% (average 58.7%) of the riboflavin 
reading at that same concentration. 


A microbiological assay on these standard 
solutions was carried out simultaneously using 
Lactobacillus casei as the test organism. 
From the results of this assay it was apparent 
that lyxoflavin did not replace riboflavin in 
the growth of this organism. 


The lyxoflavin content of the unknowns 
may then be calculated as follows: 


(Fluorometric assay value) — (microbiological assay 
value) x 100 


58.7 


In order to determine whether riboflavin 
may be converted into lyxoflavin in certain 
tissues of the body, homogenates of liver and 
heart were incubated in phosphate buffer in 
the presence of 50 wg of added riboflavin per 
sample (1-2 g) of tissue. The solutions were 
incubated at 37°C under toluene for 4, 8, 
16, and 24 hour periods. At the conclusion of 
the incubation periods, the riboflavin content 
was determined both fluorometrically by the 
method of Hodson and Norris(6) and micro- 
biologically by the Lactobacillus casei method 
of Snell and Strong (as given by Johnson 
(7)). No change in riboflavin content and no 
evidence of lyxoflavin formation was found 
following incubation. 


Limited data on the lyxoflavin content of 
heart muscle indicate the possibility of some 
lyxoflavin being stored in this organ. Using 
the average values obtained it was found that 
the hearts from the lyxoflavin-fed pigs aver- 


aged 0.60 ug per g higher in riboflavin content 
by fluorometric assay than by microbiological 
assay. On the other hand the heart tissue of 
the pigs which did not receive lyxoflavin 
averaged only 0.175 yg per g higher in ribo- 
flavin content by fluorometric assay than by 
microbiological assay. If one assumes this 
0.175 pg to be due to fluorescent substances 
other than lyxoflavin there is still 0.425 pg 
per g unaccounted for in the heart tissue of 
lyxoflavin-fed pigs which may be due to lyxo- 


~ flavin. Since it was found that lyxoflavin will 


fluoresce only 58.7% as much as riboflavin, 
one may calculate a lyxoflavin content of ap- 
proximately 0.7 ug per g in the heart tissue. 

Twenty-four hour urines were collected in 
both experiments. The urine was analyzed 
for lyxoflavin using the same differential as- 
say. Paper strip chromatograms were also 
run on the urine. The data on urinary ex- 
cretion of lyxoflavin are presented in Table 
IV. An average 68.1% of the lyxoflavin in- 
take was accounted for in the urine by this 
procedure after correcting for interfering 
fluorescent substances. Sixteen different solv- 
ent systems were used in an attempt to sepa- 
rate riboflavin and lyxoflavin on a paper strip 
chromatogram. None of the solvent systems 
tried separated these two closely related com- 
pounds. However, paper strip chromatograms 
of the urine of pigs fed lyxoflavin, using a 
solvent system of butanol, pyridine, and 
water, showed a violet spot which was not 
present in the urine of pigs fed the basal ration 
only. This metabolite differed from both 
lyxoflavin and riboflavin. 

Discussion. Emerson and Folkers(8) have 


reported an increased rate of gain in rats fed 
lyxoflavin as compared to the basal group. 
From the results of the experiments reported 
herein, it appears that lyxoflavin also has 
growth promoting activity in baby pigs when 
the basal ration contains a minimum amount 
of fat and contains protamone to enhance the 
deficiency state. 

It appears possible that lyxoflavin may be a 
new member of the vit. B complex with a 
biological role different from that of riboflavin 
and other known vitamins. However, the fact 
that the baby pigs do quite well on the basal 
ration which is devoid of any known lyxoflavin 
might indicate that lyxoflavin exerts its effect 
in a manner similar to that of the antibiotics 
or of the surfactants(9) or other growth stim- 
ulants, rather than due to the vitamin nature 
of the compound. The high amount of the 
lyxoflavin fed which was excreted in the urine 
might indicate tissue saturation and implies 


_ that a lower level would have been as effective 


as the level used. In the case of riboflavin 
approximately 30% of an intake of 11 yg per 
g was excreted in the urine as compared to 
68.1% of 4 ug per g for lyxoflavin. 

Lyxoflavin is apparently not converted into 
riboflavin in the animal body as Emerson and 
Folkers(8) report that synthetic lyxoflavin is 
devoid of riboflavin activity in rats by the 
standard assay. We have confirmed this by 
in vitro studies and have also confirmed their 
report that lyxoflavin is inactive for Lacto- 
bacillus casei. 

It appears that some lyxoflavin may be 


Shwartzman Phenomenon II. 


Antibody Provocation. 


H. A. SCHLANG. 
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stored in the heart, however, the amount is 
small and with a differential assay it is more 
difficult to determine these minute quantities 
than with a direct assay. 

Summary. 1. The addition of 4 pg of syn- 
thetic |-lyxoflavin per g of dry matter con- 
sumed in 3 experiments significantly increased 
the rate of gain and efficiency of feed utiliza- 
tion of baby pigs fed a low fat basal ration 
including 0.01% protamone. 2. Using a dif- 
ferential assay procedure for lyxoflavin it was 
found that approximately 67% of the lyxo- 
flavin intake was excreted in the urine. 3. 
In vitro studies of heart and liver tissue did 
not indicate any conversion of riboflavin into 
lyxoflavin. 
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Suppressive Action of HN. on Antigen- 


(19470) 


(Introduced by E. P. Cronkite.) 


From the Naval Medical Research Institute, Bethesda, Md. 


The basic experiment demonstrating the 
phenomenon of local tissue _ reactivity 
(Shwartzman phenomenon) consists of the 


intradermal injection of a small amount of . 


a suitable bacterial filtrate (preparatory in- 


jection), followed after some 24 hours by an 


intravenous injection of a quantity of the 
same material (provocative injection). In 
susceptible rabbits, a zone of hemorrhagic 
necrosis appears at the site of the preparatory 
injection 3 to 5 hours after the intravenous 
injection of filtrate(1). The phenomenon can 
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also be elicited when the intravenous injection 
of bacterial filtrate is replaced by a challeng- 
ing intravenous injection of antigen into a 
sensitized animal (antigen-antibody reaction 
in vivo)(1). The mechanisms through which 
these agents provoke the phenomenon seem 
to be different, at least in part, since Shwartz- 
man has shown that ACTH strongly sup- 
presses the reaction of hemorrhagic necrosis 
when the phenomenon is provoked by an 
intravenous injection of a bacterial filtrate 
(2), but-has no effect when an antigen-anti- 
body reaction im vivo is substituted for the 
latter(3). 

The reported contrast in the reactions to 
the provocative agents in rabbits treated with 
ACTH prompted a similar comparison when 
a nitrogen mustard is used as the suppressive 
agent. Methyl bis -chloroethyl amine 
hydrochloride has been shown by Becker to 
suppress completely the reaction of hemor- 
rhagic necrosis when 2 mg/kg are given intra- 
venously 4 days before the intravenous pro- 
vocative injection of bacterial filtrate(4). 
The observation has been amply confirmed 
(5,6), but in none of the studies on mustard 
suppression reported heretofore has the anti- 
gen-antibody reaction in vivo been used to 
provoke the phenomenon. 

Methods and materials. Rabbits of both 
sexes and of various strains, weighing 1800 to 
3000 g were used. The animals were main- 
tained in separate cages on routine laboratory 
feed and water ad lib. Skin preparation. The 
abdominal skin of the rabbit was lathered and 
shaved just prior to the preparatory intrader- 
mal injection. The preparatory injection 
consisted of 0.5 ml of Meningococcus 44B 
filtrate,* 0.5 ml of a filtrate of E. coli, or 
0.25 mg of a partially purified polysaccharide 
of S. typhimurium. The injections were made 
about 24 hours before the challenging intra- 
venous antigen injection and the preparatory 
substances were varied to obviate acquired 
immunity when repeated experiments were 
done on the same animal. Nitrogen mustard. 
Methyl bis £-chloroethyl amine hydrochloride, 


* Kindly supplied by Dr. G. Shwartzman. 
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TABLE I. HN» Suppression of Shwartzman 
Phenomenon Provoked by Antigen-Antibody 
Reaction in vivo. 


No. of 
exp. Pos, Neg: 
Controls 19 14 5 
HNo-treated 15 0 15 


(HN2) was injected intravenously. Solutions 
were freshly prepared before each group of 
injections and were made up to 1 mg/ml in 
isotonic saline or distilled water. Two mg/kg 
of the agent were injected 4 days before the 
challenging intravenous injection of antigen. 
Antigen-antibody reactions. One or two 
sensitizing injections of 2 ml of fresh human 
serum were given intravenously to each rab- 
bit. An interval of 7-10 days elapsed when 
two sensitizing injections were used. Seven 
to ten days after the last sensitizing injection, 
and 24 hours after the intradermal prepara- 
tory injection, a challenging injection of 2 ml 
of serum was given. Small groups of rabbits 
served alternately as mustard-treated and 
control subjects, resting 10-30 days between 
experiments. Each group was used 2 or 3 
times. 


Results. The results of the experiments are 
summarized in Table I. 


Conclusion. It is evident from the data 
presented that HN»2 completely suppresses 
the reaction of hemorrhagic necrosis when an 
attempt is made to provoke the Shwartzman 
phenomenon by an antigen-antibody reaction 
Mm VIVO. 


1. Shwartzman, G., Phenomenon of Local Tissue 
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During a systematic study of the effect of 
adrenocortical and related steroids on the 
new-born mouse, progesterone, a relatively 
innocuous steroid in mature mice, was found 
to be unusually toxic. Symeonidis(1,2) had 
previously shown that mice and rats were 
remarkably susceptible to progesterone dur- 
ing the last trimester of pregnancy; proge- 
sterone inducing fetal death with resorption 
or stillbirths and, in some instances, the 
mothers died with histological changes sug- 
gestive of eclampsia. It was, therefore, of 
interest to determine the toxicity of proges- 
terone in new-born mice, and to find the age 
at which the mice developed tolerance to this 
steroid. 

Materials and methods. A variety of pure 
mouse strains and hybrid mice were used. 
Pregnant mice were placed in separate cages 
during the last few days of pregnancy, and 
examined daily. The mice usually littered 
during the night, and the new-born found each 
morning were classified as less than 24 hours 
old. The mice were divided into age groups 
of 1) less than 24 hours, 2) 25-48 hours, 3) 
49-72 hours, 4) 73-120 hours, 5) 121-168 
hours, for injection. Mice in each litter were 
divided usually into a control and a treated 
group. Injections of progesteronet were made 
with a No. 25 needle under the skin of the 
back, and a special effort was made to prevent 
leakage. The usual volume was 0.05 cc, but 
in older mice 0.10 cc was given. The con- 
trol mice received an equivalent volume of 
physiological saline. The mice were ex- 
amined and weighed daily, and usually dis- 


* This study was aided by grants from the 
National Cancer Institute of the U. S. Public Health 
Service and the Damon Runyon Memorial Fund 
for Cancer Research. 

t Progesterone was made available through the 
courtesy of the Schering Corp. and was prepared 
in aqueous suspension of 200 mg/cc; this was ap- 
propriately diluted with saline before use. 
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Toxicity of Progesterone in the New-Born Mouse.* (19471) 


Davip A. Karnorsky, PETER JAY Hamre, AND Gat Hysom. 
~ (Introduced by J. H. Burchenal.) 
From the Division of Experimental Chemotherapy, Sloan-Kettering Institute for Cancer Research, 
New York and the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine. 


carded 10 days after injection. A total of 
89 litters consisting of 488 new-born mice was 
used. In order to confirm the reported toxi- 
city of progesterone during the last third of 
pregnancy, conspicuously pregnant mice 
(usually 16-18 days of gestation) were in- 
jected with progesterone subcutaneously, and 
the size of the fetuses and the delivery date 
were used as evidence for the age of the fetuses 
when the mother was injected. 

Results. Suckling mice. Table I sum- 
marizes the toxicity data on the mice injected 
with progesterone and their litter mate con- 
trols. The new-born mice were unusually 
susceptible to progesterone, with the LDs5» 
estimated at 0.1 mg/mouse. Mice obtained 
immediately after delivery succumbed to 
0.02 to 0.05 mg/mouse. It was often diffi- 
cult to draw definite conclusions from the 
work with very young mice, since disturbing 
the litter or intoxicating half the litter some- 
times alienated the mother, so that the litter 
was not cared for and all the mice died, in- 
cluding the untreated ones. Results could 
be regarded as significant only when the con- 
trol mice survived. The tolerance of, the 
mice to progesterone increased rapidly, as 
shown in Fig. 1, so that at 72 hours the LDs5» 
was about 20 times the 24-hour figure. Re- 
sistance then developed at a relatively slower 
rate, but at 7 days the LD5o dose on a mg/kg 
basis showed a 40-fold increase over the 
LD; 9 dose in the new-born mouse. 

Following a dose in the range of the LD5», 
the progesterone-treated mice became leth- 
argic, feeble and failed to nurse. The mice 
injected soon after birth died within 24 hours 
or survived, whereas the older mice were some- 
times prostrated and continued to lose weight 
for 3-4 days before death. Occasionally the 
seriously intoxicated mouse recovered after 
2 to 3 days and began to nurse and gain 
weight. 

Progesterone appeared to be somewhat spe- 
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cific in inducing acute toxicity in new-born 
mice, since the injection of 1 mg doses of 
cortisone acetate, 17 hydroxy-pregnenolone, 
desoxycorticosterone acetate and A?® preg- 
nenolone did not induce acute deaths regularly 
during the first 24 hours after birth. The 
activity of these steroids can not be com- 
pared quantitatively with that of progesterone, 
since they were each suspended differently in 
saline, and slower absorption from the injec- 
tion site probably diminishes their acute 
toxicity. 

Pregnant mice. Five mg of progesterone 
injected subcutaneously during the 16th to 
20th day of gestation caused fetal death in 
6 of 8 mice, and 10 mg given to 2 mice caused 
fetal death in both cases. This observation 
confirms the detailed report by Symeonidis(1). 

Discussion. Symeonidis(2) has presented 
the following possible explanations for the 
lethal effect of progesterone on the fetus and 
occasionally the mother during the last third 
of pregnancy in the mouse and rat: 1) pro- 
gesterone induces a hormonal imbalance, 2) it 
directly damages the embryo and placenta, 
resulting in substances toxic to the mother, 
3) it has a direct toxic action on the maternal 
tissues. The marked susceptibility shown by 
the new-born mouse to progesterone may be 


interpreted as supporting the second hypo- 
thesis, that progesterone is acting directly on 
the fetus in causing fetal death, and maternal 
toxicity is secondary to fetal injury. A dose 
of 5 mg of progesterone in a 35 g pregnant 
mouse, if evenly distributed, would give a 
concentration of 0.15 mg/g of tissue, which 
is well above the dose that would be lethal 
if injected into the new-born mouse. Five 
mg of progesterone, when given during the 
first and second thirds of pregnancy is not 
injurious to the fetus or mother, indicating 
that the susceptibility to progesterone appears 
during an advanced stage of embryonic de- 
velopment. 

The mechanism whereby the new-born 
mouse develops resistance to progesterone 
shortly after birth is not known. Selye(3) 
has found that certain steroids have anesthetic 
properties in the rat, and this activity is en- 
hanced by partial hepatectomy. Progesterone 
exhibited a high degree of anesthetic activity 
by this test. It seems reasonable to suggest 
that the toxic action of progesterone in the 
new-born mouse is due to its anesthetic ac- 
tion, as indicated by the behavior of the mice. 
As specific systems develop in the mouse, 
possibly in the liver, the ability of the mouse 
to cope with progesterone rises rapidly. The 
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FIG. 1. Rise in tolerance of the baby mouse tv 
progesterone with increasing age. 


method of progesterone detoxification and 
catabolism is poorly understood(4). The 
data obtained on the development of resist- 
ance to progesterone within 2 to 3 days after 
birth may lead to an understanding of the 
mechanism whereby progesterone is inacti- 
vated or excreted. 
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Summary and conclusions. The new-born 
mouse is highly susceptible to the toxic and 
lethal action of progesterone but, within 2 
to 3 days, resistance develops rapidly, and by 
the 7th day the mouse can tolerate about 100 
times as much progesterone as when one day 
old. Closely related steroids, at equivalent 
and even higher doses, do not cause the acute 
lethal action of progesterone in the new-born 
mouse. The report that progesterone given 
during the last third of gestation will cause 
fetal death has been confirmed, and it is sug- 
gested that this is due to a direct toxic effect 
of progesterone on the fetus. The rapid de- 
velopment of resistance to progesterone within 
a few days after birth suggests that a system 
or mechanism has appeared which is capable 
of detoxifying, catabolizing, counterbalancing 
or accelerating the excretion of progesterone. 


1. Symeonidis, A., Acta de l'Union Internat. con- 
tra le Cancer, 1948, v6, 163. 

vis , J. Nat. Cancer Inst., 1949, v10, 711. 

3. Selye, H., Endocrinology, 1942, v30, 437. 

4. Pearlman, W. H. in: The Hormones, edited by 
Pincus, G., and Thimann, K. V., 1948, Academic 
Press, Inc., New York, 407. 
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An Evaluation of the Role of Ferritin (VDM) in Traumatic Shock.* 
(19472) 


Joun K. Hampton, Jr.,t J. J. FRIEDMAN, AND H. S. MAYERSON. 
(With the technical assistance of Elizabeth Holbrook.) 


From the Physiology Department, Tulane University School of Medicine, New Orleans, La. 


Introduction. In studies of shock, a corre- 
lation has been noted between irreversibility 
of the syndrome and a phase of hyporeactivity 
of the finer vessels of the exteriorized omentum 
and mesentery(1,2). The latter has been at- 
tributed to a blood-borne vasodepressor ma- 
terial (VDM) from ischemic liver, etc., which 
has been identified as a form of ferritin(3-5). 


* Supported by the American Heart Association 
and U. S. Public Health Service of the National 
Institutes of Health. 

t Markle Scholar in Medical Science. 


The inference has been made that a release of 
ferritin occurring during shock contributes to 
the syndrome by rendering vessels unreactive 
(3). Few other vascular sites, however, have 
been demonstrated to react te VDM the way 
the mesoappendix does. The present experi- 
ments were designed to test whether 1) in- 
creasing the concentration of ferritin in tissues 
or 2) removing it from the circulation affects 
the ability of rats to survive after shock-pro- 
ducing trauma. 


Materials and methods. Ferritin was crys- 
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Ferritin (VDM) tx Traumatic SHock 


TABLE Ll, Effect of Increasing Ferritin in Tissues (Exp, T) and Removing it from Circulation 
(Wxp. IT) on Ability of Rats to Withstand Trauma, 


Nov of Ge Mean death time (hr) 
Exp Group rats Injection mortality  — stand. error 
Bt Bake ES SEMA Tea AS ‘ . 
I A 80 — 70 2.03 = .216 
B OS 83mg Fe as Hb T7.94 RSCce Ase 
Ir G 46 5 ml normal rabbit T6.09 1.89 + 173 
serum 
D 48 5 ml rabbit anti-dog 79.07 1.44 + 148 


ferritin serum 


talized by the method of Granick(6). It was 
recrystalized 4 times and finally reprecipitated 
4 times by 50% saturation with ammonium 
sulfate. Thorough dialysis was carried out 
following each precipitation. ‘Antiserum was 
prepared by injection of alum-precipitated 
ferritin into rabbits, according to the method 
described by Mazur and Shorr(4). The 
amount of ferritin was determined by the 
specitic precipitin reaction(7) and by the 
slide technic modified after Granick(6). Esti- 
mation of ferritin was done by analysis of iron 
in the ammonium sulfate precipitate of the 
Supernatant formed by heating tissue hemog- 
enate to 80°C. The Wong(S) method for 
iron was used. The hemoglobin solutions used 
were prepared from human cells and were sup- 
plied us by Sharp and Dohme. The Noble- 
Collip drum(9,10) was used to produce trau- 
matic shock. Qur drum was constructed of 
', inch lucite. The inside diameter was 16 
inches and the depth 6.5 inches. Two 2 inch 
bates placed opposite each other were inside 
the drum, projecting inward at about a 45° 
angle. The drum was rotated at 45 rp.m. 

Results. Effect of increased concentration 
of tissue ferritin upon the outcome of trau- 
matic shock. The ferritin content of tissues 
may be raised by injection of hemoglobin(11). 
Tn an early experiment, 1 mg doses (10 ml 
of the solution) of elemental iron as hemo- 
globin were injected intraperitoneally into 
+ male Wistar rats every other day for 3 doses. 
One week after the final injection, the rats 
were sacrificed and their livers perfused with 
saline. The livers were then homogenized 
with twice their weight of distilled water and 
the homogenate heated to 80°C. The pre- 
cipitate which formed was washed twice with 
water, which was pooled with the original 


supernatant. This supernatant was treated 
with 35 g of ammonium sulfate per 100 ml. 
The precipitate which formed was washed 
with 35% ammonium sulfate and finally an- 
alyzed for iron. Four controls were treated 
in the same manner. The control livers showed 
concentrations of iron in the crude ferritin 
fraction of 0.047-0.059 mg/g of liver. The 
iron concentration in these fractions from 
injected rats ranged from 0.072-0.108 mg/g. 
Additional analyses, done by the slide tech- 
nic of estimation of ferritin crystals produced 
by cadmium sulfate, also indicated a  sig- 
nificant increase in apoferritin in the rats re- 
ceiving 3 mg of hemoglobin iron. The iron 
analyses showed the mean value of the in- 
jected group to be 699% higher than control. 
Results of the slide technic were 0 for con- 
trols and 3-+- (2+ to 5+-) for injected rats. 
Male Wistar rats of Carworth Farms’ stock, 
weighing 150-200 g, were subjected to trauma 
in a Noble-Collip Drum one week after the 
injections of hemoglobin, employing the same 
dosage as above. Normal control rats were 
traumatized in the same manner. Each ani- 
mal remained in the drum for 9 minutes, giv- 
ing a total of 405 revolutions. Table I, Exp. 
I, gives the results of this experiment. 

The significance of the difference between 
the mortalities of the two groups has been 
tested. The probability of 0.49 indicates that 
the difference between the two groups could 
have easily occurred by chance alone. To 
further analyze the possibility of a difference 
between the groups, the difference in the mean 
death times was tested. A probability of 0.28 
again indicates the difference to be insig- 
nificant. Indeed, it is surprising that the large 
volume of hemoglobin injected (30 ml total) 
was not manifest as an undesirable insult. 


Effect of decreased circulating ferritin upon 
the outcome of traumatic shock. An excess 
of antiserum of good titer to dog ferritin gives 
a recovery of about 99% of added rat ferritin 
(12). An intravenous injection of 0.5 ml 
of pooled anti-dog ferritin serum was given 
to 150 g rats immediately after drumming for 
450 revolutions. The sera of these rats, sacri- 
ficed 30 minutes to 5 hours after drumming, 
retained readily detectable antibodies which 
precipitated rat ferritin. Those which survived 
the drumming showed antibodies in their sera 
which precipitated rat ferritin up to 24 hours. 

To determine the effect of ferritin neutral- 
ization by antibody on the outcome of shock 
one group of rats was drummed for 450 
revolutions and received 0.5 ml of the pooled 
anti-dog ferritin serum intravenously imme- 
diately upon removal from the drum. A simi- 
lar group received 0.5 ml of normal rabbit 
serum after drumming and served as a control. 
Table I, Exp. II, shows the results of this 
experiment. The probabilities (0.83 and 0.73) 
calculated from these data indicate no sig- 
nificance -in the differences in mortality or 
mean death time, respectively. 

Since it has been our observation as well 
as Zweifach’s(10) that animals dying within 
a few minutes after drumming or in the drum 
usually do so because of hemorrhage in the 
viscera or intracranially, only animals that 
survived at least 15 minutes are included in 
the tables. Mortality figures are based on a 
24-hour survival time. However, the analyses 
of the data are unchanged when all animals 
are included: : 

Discussion. Chambers(1) pointed out that 
the omental circulation was selected for micro- 
scopic observation in the mesoappendix test 
because, in contrast to cutaneous tissue, its 
circulation is maintained throughout the great- 
est part of the hemorrhagic syndrome. Con- 
clusions drawn from the reactivity of these 
vessels may in no way represent the reactivity 
of vessels generally in the organism. We feel 
that before a causal role in any phase of the 
shock syndrome can be assigned to ferritin 
(VDM), evidence other than its vasode- 
pressor activity to certain vessel areas and 
its appearance correlated with the hypore- 
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active phase of shock must be obtained. 
Frank et al.(13) were unable to obtain corre- 
lation of VDM with irreversibility when 
morphine was used as the anesthetic. When 
unanesthetized animals were subjected to 
irreversible hemorrhagic shock, VDM_ failed 
to appear in the circulation. A correlation of 
blood borne VDM with the hyporeactive and 
irreversible phases of shock is suggested by 
them as an artefact produced by anesthesia, 
They offer evidence that the intravenous in- 
jection of VDM in hepatectomized, neph- 
rectomized dogs had no effect on arterial pres- 
sure or survival. Similar experiments in this 
laboratory support their findings. 

The presence of VDM in the circulation in 
shock and many other states(3), such as con- 
gestive heart failure, cirrhosis of the liver, 
etc., does not eliminate the possibility that it 
is the loss of some liver function which is re- 
sponsible for the abnormal condition. In 
fact, our studies of ferritin storage in the 
liver suggest to us that after anaerobiasis and 
other liver injury ferritin would be found in 
the blood stream, especially in such small 
quantities as noted by bioassay. Our results 
indicate that the amount of ferritin in the 
tissues and its presence or absence in the 
blood are, however, not determinants of fa- 
tality due to trauma, nor is the time required 
for the animals to succumb to the insult sig- 
nificantly affected. 

Summary. Increased tissue ferritin pro- 
duced by intraperitoneal hemoglobin or pre- 
cipitation of circulating ferritin by antiserum 
failed to affect mortality rate and mean death 
time in rats subjected to trauma in the Noble- 
Collip drum. 


We are grateful to Drs. William P. Boger and 
Karl H. Beyer of Sharp and Dohme Co. for their 
efforts in supplying us with hemoglobin solutions. 
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An Instrument Suitable for Measurement of Osmotic Pressure of 


Biological Fluids. 


ALEXANDER J. SCHAEFFER. 


(19473) 


From Los Angeles, Calif. 


In previous papers(1) I have reported on 
measurements of osmotic concentration of 
the extraocular and intraocular fluids. The 
instrument constructed for this special need 
has not been described and might be a valu- 
able tool for similar investigations. 


Graduations 
in mm. 


Top View 


grooves for capillary tubes 


rubber 


Niederl and Levy(2) published a simplified 
method for the determination of molar con- 
centrations, a modification of the well known 
original method of Barger. The method is 
based upon the fact that in a closed system, 
harboring two solutions of different molarity, 
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FIG. 1. Construction of instrument. 
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a change in the proportional volumes will 
occur due to a differential distribution of 
water vapor in the two solutions. The system 
tends towards an osmotic equilibrium, and 
the solution with higher molarity will gain, 
while the solution with lower molarity will 
lose in relative volume until equilibrium is 
reached. In this method 2 capillary tubes 
are filled with the relative solutions. On one 
end the capillaries are sealed and placed so 
that the menisci of the columns are exactly 
at the same level. The capillary tubes are 
now placed in a suitable external tubing 
which is sealed on one end, and the other is 
sealed only after evacuation of air to about 
15 mm pressure. The system stays at room 
temperature for 4 days, when the distance 
between the 2 menisci, originally at the same 
level, is measured under low-powered micro- 
scopic magnification, using a micrometer scale 
in the eyepiece; the measurement is subse- 
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quently repeated every day for a week, 

Applying the method for determination of 
osmotic pressure of biological fluids, we met 
with certain technical difficulties, one of which 
was the setting up of the capillary tubes in 
such a way that by handling or especially by 
centrifugation the menisci should not change 
their relative position. Exact arrangement of 
the two tubes was somewhat cumbersome. 
Another difficulty arose from the fact that 
biological material within such long periods 
of time as 4 to 10 days at room temperature, 
undergoes chemical changes in which larger 
molecules are broken down to smaller parti- 
cles, disturbing the final result considerably. 
For this reason an improvement of the method 
of Niederl and Levy was attempted that would 
facilitate its application, and the time period 
necessary to obtain equilibrium in the system 
was considerably shortened. This last re- 
quirement for our purposes was fulfilled by 
reducing the volume of the evacuated space 
in which the evaporation and subsequent 
establishment of osmotic equilibrium take 
place. It can be assumed that the rate of 
exchange with time, t, of the amount of fluid 
evaporated, m, is given by a constant, 4, 
minus a quantity which is proportional to the 
vapor pressure. This pressure is inversely 
proportional.to the volume v. This gives a 
differential equation 

din ~ 


=e m (1) 
dt v 


the integral solution of which is: 


av 7 
m= — (1-e )) (2) 


/ 


Therefore. if all other conditions are un- 
changed, reduction of the volume reduces the 
time in which equilibrium is reached. On the 
other hand, because the total amount of fluid 
evaporated is also reduced, the gain in time 
is somewhat biased by loss of sensitivity. If 
the reduction of volume is not excessive, this 
handicap is not considerable. In applying the 
technic of Niederl and Levy, in our hands the 
volume consisted of 5 or more cc, which in our 
modification could be reduced to 0.25 to 0.5 
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cc or any size desirable. This meant a re- 
duction of the reading time by at least 10 
times the original method. Leaving the sys- 
tem for 12 hours, e.g. overnight, yielded a 
satisfactory reading. No complete equilibrium 
was aimed at. In applying low microscopic 
magnification, estimation of differences less 
than 0.01 molarities can be obtained. 


The instrument is constructed of lucite 
plastic. It can be used repeatedly for suc- 
cessive determinations. The transparency of 
the tubes allows the determination of the 
length of the fluid columns in the capillaries 
with the aid of low power magnification. The 
inner tube harboring the 2 capillaries possesses 
a recording grid. (The instrument may be 


Ascorsic AciD, CoRTISONE, IN GLUCONEOGENESIS 


obtained from Mr. V. L. Frykman at the 
Precision Instrument Shop of the University 
of Southern California in Los Angeles.) 
Summary. The present paper describes an 
instrument constructed for determination of 
osmotic concentration in biological fluids. It 
estimates differences less than 0.1 molarities.* 


*T take the opportunity to acknowledge the con- 
tribution of Dr. J. P. Meehn (Physiological Insti- 
tute of the University of Southern California) in the 
design of this instrument. 

1. Schaeffer, A. J., Arch. Ophth., 1950, v43, 1026. 
Documenta Ophth., 1950, v4, 227. 

2. Niederl, J. B. and Levy, A. M., Science, 1940, 


v92, 225. 


Received February 18, 1952. P.S.E.B.M., 1952, w79. 


Potentiating Effect of Ascorbic Acid on Cortisone-Induced Gluconeogenesis. 
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Previous work from this laboratory sug- 
gested that ascorbic acid treatment of rats, 
mice, and guinea pigs can prevent activation 
of the pituitary-adrenal axis in response to 
stressors(1-4). It was observed that the 
vitamin fails to alter the leukocyte response 
to cortisone and to adrenocorticotrophin. 
Furthermore, it was demonstrated that the 
vitamin does not possess any specific anti- 
epinephrin action to explain failure of the 
activation of the pituitary-adrenal axis(4). 
Those data suggested that the ascorbic acid 
prevents the activation of the axis by either 
directly or indirectly rendering the pituitary 
inert to certain stimuli. Preliminary data in- 
dicated that ascorbic acid prolongs the leuko- 
cytic effects, and intensifies the gluconeogenic 
actions, of cortisone. The present communi- 
cation reports data which indicate that the 
gluconeogenic action of cortisone is poten- 
tiated by ascorbic acid. 


Materials and methods. These experiments 


were conducted on young adult male Swiss 
mice. The animals were bilaterally adrenalec- 


tomized under ether or nembutal anesthesia 
at least 3 days, and not more than 3 weeks 
prior to experimentation and maintained on an 
ad libitum fare of Purina Laboratory Chow 
and 0.9% NaCl solution. At the end of the 
periods of experimentation the animals were 
killed by a blow on the head, and the liver 
extirpated and plunged into a 30% solution 
of potassium hydroxide; the glycogen was 
then hydrolyzed by the method of Somogyi 
et al.(6), and the glucose determined by the 
method of Folin(S). 

Experimental designs and results. The first 
experiment was conducted on male Swiss 
mice which had been adrenalectomized 3 
weeks previously, and were maintained on 
Chow and saline. Body weight range at time 
of experiment was 25-30 g. Group I mice re- 
ceived single intraperitoneal injections of as- 
corbic acid (sodium ascorbate, vit. C, injecta- 
ble, Roche), 100 mg per 100 g body weight, 
on the previous evening. Early the next 
morning these animals received similar 
amounts of the vitamin. The first injection 
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TABLE TI. Liver Glycogen Concentration in 
Adrenalectomized Mice Treated with Cortisone 
and Aseorbie Acid, and with Cortisone and Saline 


Liver glyco- 


No. Treat- gen, mg/lg¢g 
Group mice ment liver + S.E. is 
I 4 AO 49.22 :3.1- LT vs Il <.05 
II 4 S,C 3id--22 Tivs I<.01 
Tit bad 0 20.61.75 I vs TI<.01 


* A — Ascorbi¢ acid; C = Cortisone; S = Saline. 


TABLE If. Liver Glycogen Content in Adrenal- 

ectomized Mice Maintained on Glucose and Treated 

with Cortisone and Ascorbic Acid, or with Corti- 
sone and Saline. 


Liver gly- 
cogen, mg 
No. Treat- /10g body 
Group mice ment Wtts-E. P. 
I hi AC OoGeeo et 2.7 ~ £ ws. IL<.01 
Il 7 8, 6, G& aps 24. ITlvsl<.01 
seit 5) G only Bette. bh ys TEER< 01 


* A — Ascorbic atid; OC—Cortisone; S=Sa- 


line; G = Glucose, 


was made in order to prime the animals. 
Immediately following the second injection of 
ascorbic acid the mice received single sub- 
cutaneous injections of cortisone (Cortone, 
Merck), 4.0 mg per 100 g body weight. 
Group Ii mice received similar treatment as 
those of Group I except that in this case vit. 
C (ascorbic acid) was replaced by intraperi- 
toneal injections of physiological saline. 
Group III mice received no treatment. The 
animals were all taken off food following the 
injections, but were permitted to drink 0.9% 
NaCl solution. All animals were killed at the 
end of 4 hours after the injection of cortisone, 
the controls at the corresponding time, and 
glycogen determinations conducted. 

The data are presented in Table I in which 
the liver glycogen concentration is presented as 
milligrams of glucose per 1 g of liver. It is 
seen that the liver glycogen content of the 
animals receiving cortisone is higher than that 
in the animals receiving no treatment. The 
liver glycogen content in the animals which 
received cortisone and vit. C (Group I) is sig- 
nificantly greater than that of the animals 
which received cortisone and saline (Group 
EE) (P’ <0,05); 

The second experiment was conducted on 
mice weighing 20 to 25 g. The procedure 


649 


suggested by Venning ef al.(7) for assay of 
corticoids was adopted in this experiment. 
Group I mice (adrenalectomized) received the 
previous evening the priming dose of ascorbic 
acid as those in the previous experiment, and 
were allowed to feed ad libitum overnight. 
The following morning these animals received 
7 injections of a menstruum containing cor- 
tisone and glucose subcutaneously, the total 
dose of cortisone amounting to 70 ug, of glu- 
cose, 70 mg. These animals also received 2 
injections of ascorbic acid, one at the time of 
the first cortisone injection, and the other at 
the time of the third cortisone-glucose injec- 
tion, the amount of ascorbic acid being 100 
mg/100 g body weight. Group II animals 
were treated like those of Group I, except that 
they received saline solution in place of the 
intraperitoneal injections of ascorbic acid. The 
animals of Group III received 7 injections of 
glucose, amounting to 70 mg, but received no 
cortisone, or ascorbic acid. The 7 injections 
mentioned above were given in the course of 
6 hours, the animals being killed one hour 
after the last injection, 7.2., a total period of 
7 hours after the first injection of the men- 
struum. 

The data are presented in Table II in 
which the liver glycogen, as glucose, is pre- 
sented as milligrams per 10 g of body weight 
of the animals. This is the method recom- 
mended by Venning ef al.(7). It is observed 
that the liver glycogen content of Group II 
animals is 466% greater than that of the 
animals which received no cortisone (Group 
III) ; the livers of Group I mice contain 866% 
more glycogen than those of Group III ani- 
mals. The liver glycogen content in the 
vitamin-cortisone mice is significantly greater 
(P <0.01) than that of the cortisone-saline 
animals. 

Discussion. The data obtained from the 2 
experiments indicate that ascorbic acid treat- 
ment of adrenalectomized mice supplied with 
small and large doses of cortisone increases 
the deposition of glycogen in the liver. This 
deposition of glycogen in the livers of the 
cortisone treated animals was probably due to 
gluconeogenesis. It is unlikely that the glu- 
cose supplied to the mice in the second ex- 
periment was converted to glycogen stores in 
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the liver; it is observed that the glycogen 
values in the animals receiving glucose alone 
were extremely low. Venning(7) had shown 
that in such glucose-treated animals, the gly- 
cogen deposition following cortical hormones 
was due to gluconeogenesis. The ability of 
ascorbic acid to enhance the liver glycogen 
deposition must therefore be ascribed to an 
increase in the gluconeogenesis due to the as- 
corbic acid in association with the cortisone, 
since the vitamin alone fails to enhance glu- 
coneogenesis in adrenalectomized mice (un- 
published data). McKee e¢ al.(8) reported 
that liver glycogen deposition following the 
injection of cortical hormones into scorbutic 
guinea pigs was lower than that in normal 
animals. This observation could conceivably 
have been due to the general debility in the 
scorbutic animals. In the present study it is 
observed that vitamin treatment to animals 
on otherwise good ascorbic acid balance (the 
mouse requires little or no ascorbic acid in the 
diet) is capable of enhancing the glycogen de- 
position. This finding may be related ‘to the 
action of the vitamin in normal intact animals 
exposed to stressors, in which case the alarm 
reaction is prevented, and survival is increased 
(9). It was shown that this ability of the 
vitamin requires the presence of the adrenal 
cortex, or of circulating cortical hormones(10). 

It is possible that the vitamin “synergizes” 
with the existent cortical hormones in intact 
animals, and in animals supplied with cortical 
hormones. Data supporting this postulate 
come from the observation that the vitamin is 
capable of prolonging the leukocyte effects of 
cortisone(11). This prolongation, in addition 
to the demonstrated potentiation, of the action 
of cortisone by ascorbic acid suggests a syner- 
gism of ascorbic acid with cortisone. This 
synergism may explain the non-activation of 
the pituitary-adrenal axis in ascorbic acid- 
treated intact animals exposed to stress. It is 
possible that through this synergism the titer 
of cortical hormones is maintained in the 
blood, hence increasing the threshold of the 
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anterior pituitary, according to the mechanism 
proposed by Sayers and Sayers(12). The re- 
lation of this possible synergism to normal 
adrenal secretion is being investigated. 


Summary. The action of ascorbic acid 
treatment on the gluconeogenic action of 
cortisone was investigated in adrenalectomized 
mice. The deposition of glycogen in the liver 
is enhanced in animals treated with ascorbic 
acid in addition to cortisone. This observa- 
tion is discussed in relation to the action of the | 
vitamin in preventing the activation of the 
pituitary-adrenal axis in animals exposed to 
stressors. It is suggested that the vitamin 
may be synergistic with cortisone in some of 
its actions. 
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Effect of Cortisone on Mast po oem (Mastocytoma) of the Dog. 
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FRANK BLoom. 
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Included among the many effects of the 
adrenal cortical hormones on the organism is 
their ability to produce a marked reduction 
in the number of normal tissue mast cells. 
This has been observed with the use of ACTH 
in man(1) and with the use of cortisone in 
rats(2). Spontaneous tumors composed of 
neoplastic mast cells are of frequent occur- 
rence in the cutaneous tissues of the dog(3). 
These growths may be benign or malignant, 
solitary or multiple, and range in size from 
nodules several centimeters in diameter to 
those weighing 300 or more g. They may be 
of unicentric or multicentric origin, and meta- 
stases are not uncommon in the regional 
lymph nodes, spleen, and liver in the malig- 
nant varieties. The microscopic structure 
consists of atypical histogenous mast cells 
whose cytoplasm contains metachromatic bas- 
ophilic granules. The cells exhibit all grada- 
tions of cellular maturity and immaturity with 
fine and coarse granules which often can be 
correlated with the degree of malignancy of 
the various neoplasms. In the skin tumors 
the mast cells form nodular or diffuse sheet- 
like collections that heavily infiltrate the 
corium and subcutaneous tissue. 

In view of the known effect of cortisone in 
causing a conspicuous reduction in the number 
of normal tissue mast cells, this agent was 
employed in the treatment of a dog with 
malignant multiple mast cell tumors. 

Material and methods. Vhe animal was an 
8-year-old male white Spitz dog brought to 
my animal hospital for treatment. Three sub- 
epithelial tumors, 2 in the left shoulder region 
and one in the right upper lip, had been ob- 
served for a period of several weeks. The 
nodules ranged from 1.3 to 2.2 cm in diameter 
and were elevated from 4 to 6 mm above the 
surrounding skin. Under local anesthesia the 
nodules were surgically excised on 9/5/51. 
Examination of the animal on 12/1/51 re- 
vealed recurrence ‘as manifested by the pres- 
ence of 8 skin nodules in the left shoulder 


region and 7 skin nodules on the neck and 
back. These were similar in size and appear- 
ance to those previously removed. On 1/2/52 
50 mg of cortisone (Cortone, Merck)* was 
administered intramuscularly twice daily and 
continued at this dose rate until 1/11/52. A 
nodule was excised on 1/5/52 and the remains 
of a nodule was excised on 1/11/52. Follow- 
ing each surgical procedure, the tissue was 
fixed in 10% formaldehyde solution and sec- 
tions were stained with hematoxylin and eosin 
and Dominici’s stain(4). Imprints were also 
made and stained with Wright-Giemsa stain. 


Observations and results. The original skin 
tumors excised on 9/5/51 were a uniform pale 
tan color on section and not encapsulated. 
Microscopically the entire subepithelial tissue 
was completely replaced with dense diffuse 
masses of neoplastic mast cells and scattered 
eosinophils and lymphocytes. In sections the 
tumor cells exhibited moderate anaplasia and 
occasional mitotic figures were noted. ‘The 
toluidine blue component of Dominici’s stain 
revealed that the cellular cytoplasm contained 
relatively fine uniform sized metachromatic 
granules in ample numbers. The granules did 
not stain with hematoxylin as is not uncom- 
mon in more mature tumors with coarse 
granules. In the imprint preparations the fine 
discrete nature of the granules was more 
readily discernible and the cellular cytoplasm 
was seen to be intact and free from vacuolar 
and other degenerative changes (Fig. 1). 

The gross appearance of all 15 recurrent 
nodules as observed on 1/5/52 after 3 days 
treatment with cortisone was identical with 
the same nodules before treatment except for 
a reduction of about 2/3 the pretreatment 
dimensions. This change occurred rather sud- 
denly and was first noticeable on 1/5/52. 
Microscopic examination of sections of the 
excised nodule disclosed ample numbers of 


* Dr, L. A. Michaud of Merck and Co. kindly 
supplied the cortisone. 
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FIG. 1. Imprint of tumor mast cells prior to cortisone treatment showing intact cells with 


fine granules. Wright-Giemsa.  X 600. 


FIG. 2. Imprint of tumor mast cells after dog had received 300 mg of cortisone. The cells 
show yacuolization, granule clumping, granule scattering and disruption of the cellular mem 


brane. Wvight-Giemsa. > 600. 


FIG. 3. Imprint of tumor mast cells after dog had received 900 mg of cortisone. Advanced 
degenerative changes, manifested by marked vacuolization, conglomeration of granules, disap- 
pearance of many fine granules and loss of cellular structure, are apparent. Wright-Giemsa. 


x 600. 


mast cells with decrease in the number of 
eosinophils. Although many cells in the 
Dominici stained slides showed no alteration 
in the number, shape, size, and tinctorial char- 
acteristics of the granules, a greater number 
of cells exhibited specific cytoplasmic and 
granule aberrations. In these altered cells the 
cytoplasm sometimes contained small and 
large vacuoles, and the granules were fre- 
quently conglomerated to form irregular 
clumps several or more times larger than the 
original granules. The conglomerated masses 
often stained a deep purple-blue in contrast to 
the reddish-purple coloration of the fine gran- 
ules. These cytoplasmic changes were espec- 
ially conspicuous in the imprint preparations, 
and all gradations between intact tumor cells 
without degenerative alterations to those 
showing vacuolization, granule clumping, 
granule scattering and fraying of the cytoplas- 
mic border were readily apparent (Fig. 2). 
In both imprints and sections the nuclei were 
well preserved. 

From 1/5 to 1/11/52 the recurrent 14 
nodules (one had been excised on 1/5/52) 
rapidly decreased in size so that by the latter 
date they had completely disappeared. All 
that remained was a pale tan coloration of the 
skin over the previous site of the nodules, 
which contrasted with the pale pink color of 


the surrounding normal skin. Microscopic 
examination of sections of the excised tissue 
revealed that the mast cells had almost com- 
pletely disappeared. Practically no cells of 
normal structure were noted, and those pres- 
ent exhibited various degrees of degenerative 
change. The cells showed a ballooning of the 
cytoplasm caused by extensive vacuole forma- 
tion. The intervacuolar cytoplasm consisted 
of an irregular fine tracery of sparse numbers 
of minute and conglomerated aberrant stain- 
ing metachromatic granules that indistinctly 
outlined and occasionally occurred within the 
vacuoles. The cytoplasmic borders were in- 
distinct and frayed. Very few nuclei ap- 
peared normal; many had disappeared and 
others were pyknotic. The eosinophils were 
also fewer in numbers. The lymphocytes, on 
the other hand, appeared to be increased; 
however, this increase was relative inasmuch 
as the other cellular elements were numeri- 
cally reduced. The degree of degenerative 
alterations of the mast cells was particularly 
noticeable in the imprints (Fig. 3). In these, 
solitary or groups of mast cells were hardly 
recognizable as such. Instead, the cytoplasm 
consisted of a mass of vacuoles in and between 
which were irregularly distributed varying 
sized conglomerated granules with few of fine 
structure. The cellular borders were indis- 
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tinct, frayed and hazy. The nuclei were like- 
wise difficult to outline, although they exhib- 
ited a better state of preservation than the 
cytoplasm. 

Examination of the animal on 2/21/52 indi- 
cated no recurrence of the tumor nodules that 
had disappeared following cortisone therapy. 
However, a new nodule 114 by 0.6 cm had 
appeared in the right lower lip and the re- 
gional lymph nodes were enlarged. Up to the 
present day, no additional nodules or recur- 
rence of the previous nodules has appeared. 

During the course of cortisone therapy the 
animal showed no unusual symptoms and ap- 
peared to be normal. No abnormal bleeding 
tendency occurred during or after surgical ex- 
cision of the nodules. 

Discussion. Of especial interest is the com- 
plete macroscopic regression of the mast cell 
tumors following cortisone treatment. This 
observation was confirmed microscopically in- 
asmuch as the mast cells had almost com- 
pletely disappeared and that the relatively few 
remaining cells were all in various stages of 
degeneration. Such involution has never been 
noted to occur spontaneously in personal ob- 
servation of over 100 canine mast cell tumors; 
instead, the usual sequence in malignant types 
is a progressive intensification of the neo- 
plastic process with terminal death. Although 
it would be premature to suggest that the dis- 
appearance of the tumors is permanent, 61 
days have thus far elapsed up to the present 
writing without recurrence. The new nodule, 
presumably a mast cell tumor, that appeared 
after cessation of cortisone indicates that the 
neoplastic process has not been arrested. 
Further observations are being conducted and 
if additional tumors occur further cortisone 
treatment will be instituted. 

The sequence of changes noted in the tumor 
mast cells are similar to those seen in normal 
mast cells following cortisone therapy. The 
cytoplasmic vacuolization, conglomeration and 
altered staining properties of the metachrom- 
atic granules, disappearance of many fine 
granules, fraying and disruption of the cellu- 
lar membrane, cellular destruction and granule 
scattering seen in sections and imprints are 
essentially the same as that observed in aging 
tumor mast cells cultivated im vitro(5). The 
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degenerative changes of the tumor mast cells 
that eventually lead to their death, whether 
due to aging or hormonal substances, are thus 
alike in type and degree. Duplications of these 
cellular alterations have also been noted in 
normal tissue mast cells im situ without cor- 
tisone therapy, but have usually been thought 
of as artifacts(6). 


Since it has been determined(7) that the 
canine mast cell tumor may contain almost 50 
times as much heparin as has been obtained 
from the richest normal source of the most 
active form of heparin, one might expect that 
the treated animal should exhibit interference 
with the coagulation of its blood. Although 
the circulating heparin-like substances, which 
rapidly rise in man after the administration 
of cortisone (8,9), were not determined, no un- 
usual bleeding tendency existed as the surgical 
procedures were not accompanied by excessive 
hemorrhage. The explanation for the normal 
clotting time in the treated animal might be 
that insufficient amounts of heparin were lib- 
erated to have an anticoagulant effect or that 
inactivation or destruction of heparin followed 
its release from the cells. This anomaly, the 
presence of large numbers of mast cells and a 
normal state of blood coagulation, is not pe- 
culiar to these experiments where the animal 
was treated with cortisone; similar normal 
clotting time of the blood has been repeatedly 
observed during surgical manipulation and re- 
moval of mast cell tumors in dogs who have 
not received cortisone. 


Although the therapeutic effectiveness of 
cortisone in all malignant mast cell tumors 
may be speculative, the results obtained in the 
cited animal are encouraging and warrant fur- 
ther investigation. 


Summary. The effect of cortisone was 
studied in a dog with malignant multiple mast 
cell tumors (mastocytoma). <A total of 900 
mg was given intramuscularly at the rate of 
100 mg daily. The tumors rapidly regressed 
in size so that by the 9th day of treatment 
they had completely disappeared macroscopi- 
cally. Microscopically the neoplastic mast 
cells showed cytoplasmic vacuolization, con- 
glomeration and altered staining reaction of 
the metachromatic basophilic granules, disap- 
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pearance of many fine granules, fraying and 
disruption of the cellular membrane, granule 
scattering, and, finally, cellular destruction 
and disappearance. The encouraging results 
obtained in the treated animal warrant further 
investigation of cortisone in the treatment’ of 
dogs with malignant mast cell tumors. 


1. Asboe-Hansen, G., Scand. J. Clin. Invest., 1950, 
Nags fl, 

2. Cavallero, C., and Braccini, C., Proc. Soc. Exp. 
Brox. anp Mep., 1951, v78, 141. 

3. Bloom, F., Arch. Path., 1942, v33, 661. 

4. McClung, C. E., Handbook of Microscopical 


Technique, Paul B. Hoeber, Inc., New York, 1937, 
p340. : 

5. Paff, G. H., and Bloom, F., Anat. Rec., 1949, 
v104, 45. 

6. Michels, N. A., The Mast Cells, Handbook of 
Hematology, Hal Downey, Paul B. Hoeber, Inc., 
New York, ed 1, 1938, p231. 

7. Oliver, J., Bloom, F., and Mangieri, C., J. Exp. 
Med., 1947, v86, 107. 

8. Monto, R. W., Brennan, M. J., Margulis, R. R., 
and Smith, R. W., J. Lab. Clin. Med., 1950, v36, 1008. 

9. Smith, R. W., Margulis, R. R., Brennan, M. J., 
and Monyo, R. W., Science, 1950, v112, 295. 


Received March 14, 1952. P.S.E.B.M., 1952, v79. 


Urinary Excretion of Hydrazine Derivatives of Isonicotinic Acid in 


Normal ‘Humans.* 


(19476) 
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(With the assistance of E. Febbraro and E. Kostelak.) 


From the Nutrition Laboratories; Hoffmann-La Roche Inc., Nutley, N. J. 


Recent reports have shown that isonicotinyl 
hydrazide (Rimifon) and _ 1-isonicotinyl-2- 
isopropyl hydrazine (Marsilid) are effective 
antitubercular agents in mice(1,2), guinea 
pigs and rabbits(3), monkeys(4), and hu- 
mans(5-8). We have described an assay 
‘method and determined levels of Rimifon and 
‘Marsilid in blood plasma after oral dosage to 
humans, dogs and mice(9). In this method, 
the hydrazides are converted by permanganate 
treatment ‘to isonicotinic acid, which is de- 
termined colorimetrically by the reaction with 
10% cyanogen bromide and ammonia used 
by Mueller and Fox(10) for nicotinic acid 
assay. Preformed isonicotinic acid is de- 
termined by assay before permanganate oxida- 
tion. In the experiments described below, 
the cyanogen bromide-ammonia reaction has 
been applied to untreated and permanganate- 
treated urines to study the products.and rate 
of excretion by normal humans of oral doses 
of Rimifon and Marsilid. 


Experimental. Nine normal subjects (lab- 
oratory personnel), 2 females and 7 males 
ranging in age from 26 to 43 and in weight 
from 56 to 82 kg, participated in the urine 


* Roche Publication No. 306. 


excretion tests. To determine the color pro- 
duced by normal urines in the cyanogen bro- 
mide reaction, pre-dosage control urines were 
collected on each of 2 successive days. Col- 
lections were started at .9 A.M. and made at 
intervals ending after 1, 2, 3, 8 and 24 hours. 
On the test days, a single oral dose of Rimi- 
fon or Marsilid was given at 9 A.M. and 
urine collections made at the same intervals 
for 24 hours. A pooled sample was collected 
by each subject for the second 24 hours after 
dose. Diets were not controlled, but the sub- 
jects were instructed to follow as nearly as 
possible the same diet on each of the collec- 
tion days. In the first test, the subjects were 
divided into 2 groups and given 250 mg of 
Marsilid or 125 mg of Rimifon. These doses 
were reversed in all subjects in the second 
test; in the third test, all subjects received 
192 mg of Rimifon, which is equivalent on a 
molar basis to 250 mg of Marsilid. At least 
one week was allowed between successive 
doses. Both control and test urines were as- 
sayed directly and also after permanganate 
treatment, using the reaction with 10% cyan- 
ogen bromide in ammonia buffer as previously 
described(9). For direct assay, 1 ml of urine 
plus 5 ml of buffered ammonia reagent were 
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TABLE I. Relative Magnitude of Blanks in Control Urines and Isonicotinic Acid Levels in 
Test Urines. (All values are expressed as mg of ‘‘isonicotinic acid’’ and represent averages for 
9 subjects). 


Direct colorimetry 


Free isonicotinic 
acid in test urines Blank in control urines 


Blank in control urines 


Colorimetry after KMnO, treatment 
Total isonicotinic 
acid in test urines 


LEED REL Ss ey aa Sats CN Saas \ 

1st 2nd Devy.from After After 1st 2nd Dev.from After After 
Hr day day mean Rimifon* Marsilid* day day mean Rimifon* Marsilid* 
1 1.92 1.29 aay] See 2.9 1.66 1.23 22 8.6 3.8 
2 1.40 1.61 aug 5.5 5.9 1.15 1.65 25 VBR es 
3 E867 Uh.39 .24 4.5 6 1.68 1.55 .07 10 7.6 
3-8 6.8 6.3 25 15.3 19.4 6.9 5.7 .6 36.7 26.2 
8-24 13.4 17.3 2 18.8 35.2 12.9. 13.5 8 34.3 47.7 
Total 25.4 27.9 1.3 47.4 69.4 24.3 23.6 + 102.9 93 

a oe 12.6 is a a 6.5 16.9 


24-48 =” * 


* Oral dose of Rimifon = 192 mg and of Marsilid = 250 mg; in each case the dose is equiv- 


alent to 172 mg of isonicotini¢ acid. 


diluted to 25 ml of water. After mixing and 
centrifuging, a 2 ml aliquot was taken for 
colorimetry. 

For the permanganate treatment (to split 
Rimifon or Marsilid to isonicotinic acid), 1 ml 
of urine in a 50 ml beaker was diluted with 10 
ml of water. Four percent potassium per- 
manganate was added dropwise until a definite 
pink color persisted and the solution boiled 
down slowly (in about 30 minutes) to a 
volume of about 5 ml. The addition of per- 
manganate was repeated during the heating, 
if necessary to maintain a pink color. After 
heating, 1% ascorbic acid was added to 
decolorize and the solution transferred quan- 
titatively to a 25 ml graduate. Five ml of 
buffered ammonia reagent were added before 
dilution to 25 ml with water. A part of this 
solution was centrifuged for 5 minutes at 
2000 r.p.m. and a 2 ml aliquot of the clear 
supernatant taken for colorimetry. The 
galvanometer reading for each urine sample 
was converted into mg of “isonicotinic acid” 
on the basis of isonicotinic acid standard read- 
ings, which were taken at frequent inter- 
vals. Subtraction of the average control 
value for a given sample from the correspond- 
ing test value gives the level of “‘isonicotinic 
acid” in the test urine. Pending isolation and 
positive identification of the substances meas- 
ured by the above colorimetric tests, which are 
being investigated by ion exchange and chro- 
matographic methods, the difference between 
test and control values is referred to as “free 


isonicotinic acid” for the direct assay and as 
“total isonicotinic acid” (i.e. free isonicotinic 
acid plus the amount formed on splitting Rimi- 
fon and Marsilid) for the assay after perman- 
ganate treatment. The increase in color upon 
treatment is taken therefore as a measure of 
Rimifon or Marsilid excretion, although it 
must be pointed out that the product meas- 
ured may be a conjugated form of the drug 
or a related substance which behaves similarly 
in the cyanogen bromide reaction, 7.e. one 
which gives practically no color until treated 
with permanganate. In calculating free iso- 
nicotinic acid levels, a correction has been 
made in each case for the slight color obtained 
from the Rimifon or Marsilid per se(9). 

The validity of the estimation of isonicotinic 
acid in test urines is dependent upon the day- | 
to-day reproducibility of the blank color in 
normal urines. Table I shows the average 
blank values for the two control days and 
gives a comparison of deviations from the 
mean blank with increases found after in- 
gestion of Rimifon or Marsilid. Although the 
blank values are high, the average day-to-day 
variations are small in relation to the increases 
found in the test urines. Hence, the average 
test excretions shown are subject to a rela- 
tively small error due to blank variations in 
direct colorimetry and are practically un- 
affected by these variations after perman- 
ganate treatment. 

Results. The excretion patterns are shown 
graphically in Fig. i, 2 and 3 for doses of 
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FIG. 1. Average and range of human urinary 


exeretions by 9 normal subjects after am oral dose 
ef 250 me of Marsihd. 

PYG. 2 -Average and range of human urinary 
exeretions by 9 normal subjects after oral dosage 
af 192 me of Rimifon. 
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FIG, 3. Average and range of human urinary 
excretions by 9 normal subjects after an oral dose 
of 125 mg of Rimifon. 


250 mg of Marsilid and 192 and 125 mg 
of Rimifon, respectively. The lines represent 
average excretions and the individual points 
on either side the corresponding minimum 
and maximum levels for the 9 subjects. The 
average percentage excretion of Rimifon is 
greater than of Marsilid, the ratio being higher 
than 4:1 in the first 3 hours after dose and 
ranging down to about 2:1 for the total 48-— 
hour excretion. Since the percentage excre- 
tion of free isonicotinic acid is practically the 
same in the first 8 hours after both Rimifon 
and Marsilid, the total absolute excretion 
after Rimifon is greater in this period. On the 
basis of the greater retention of Marsilid, 
higher blood levels of the latter might be ex- 
pected. Preliminary assays of blood plasma 
in this laboratory confirm the fact that levels 
of Marsilid are higher than of Rimifon after 
equimolar dosage in humans(11). Similarly, 
in dog plasma studies(9), in which equal oral 
doses on a weight basis (i.e. a smaller dose of 
Marsilid on a molar basis) were given, Marsi- 
lid showed higher maximum values as well 
as higher levels after 4 and 8 hours. On a 
24- or 48-hour basis, a higher percentage of 
Marsilid is split and excreted in the urine 
in the form of isonicotinic acid; this differ-— 
ence between Rimifon and Marsilid may be 
due to the longer retention of the latter in the 
body, which allows more time for the splitting 
to occur. After 48 hours, the total percentage 
excretion is practically the same after both 
compounds. The excretion patterns at the 
two dose levels of Rimifon (Fig. 2 and 3) are 
almost identical. 

Discussion. Although the reaction with 
10% cyanogen bromide in ammonia buffer is 
not specific for isonicotinic acid, it has. the 
advantage of providing a means of differentiat- 
ing the latter from either Rimifon or Marsilid, 
which give only a very small percentage of 
the color obtained with an equivalent amount 
af isonicotinic acid. An adequate correction 
for non-specific color in normal urines has 
been obtained by assaying parallel control 
samples before dosage. The metabolite re- 
sponsible for the increased color on direct 
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assay after dosage has been referred to as 
isonicotinie acid, but the latter has not yet 
been isolated and identified. The substance 
measured is obviously not the unchanged 
hydrazide since Rimifon or Marsilid per se 
could account for only a small fraction of this 
color, It is also not niacin or niacinamide 
since the reaction with 3% cyanogen bromide 
and Metol, which measures the vitamin or 
its amide but not isonicotinic acid(9), did not 
yield significantly greater color with the test 
urines than with the controls, It is also not 
an N'-methyl derivative of isonicotinic acid 
or its hydrazide since the methiodide of iso- 
nicotinic acid hydrazide (Ro 2-5027) gave no 
color either before or after permanganate 
treatment. Another possible metabolite is 
isonicotinamide, but the latter yields only 
about one-half the color given by isonicotinic 
acid in the 10% cyanogen bromide-ammonia 
reaction. Since the 4%-hour excretion cal- 
culated as isonicotinic acid ranged as high as 
67% of the dose, the color can obviously not 
be due entirely to isonicotinamide. On the 
basis of the above evidence, it appears likely 
that the direct assay measures either iso- 
nicotinic acid or a mixture of the latter and 
isonicotinamide. The possibility exists, how- 
ever, that there may be present other closely 
related derivatives which are capable of re- 
acting similarly with 10% cyanogen bromide 
and ammonia. The identity of the component 
in the test urines responsible for the increased 
color after permanganate treatment has not 
been established, but this behavior is typical 
of both Rimifon and Marsilid. Isonicotin- 
amide shows no such increase in color. Pend- 
ing further investigation, the colorimetric re- 
sponse has been calculated as Rimifon or Mar- 
silid. It is possible that the substances meas- 
ured may be conjugated or otherwise modified 
forms of the hydrazides. If the ‘compound 
determined after permanganate treatment is 
isonicotinic acid, then the total percentage 
excretions shown in Fig. 1, 2 and 3 will remain 
unchanged regardless of the nature of the 
excretion products. 

It is noteworthy that Marsilid is excreted 
at a much lower rate than Rimifon in the 
first 8 hours after dose. The effect of this 


: ; higher retention of Marsilid on the relative 


blood levels of both substances is being in- 
vestigated and preliminary evidence indi- 
cates that plasma levels of Marsilid in tuber- 
cular patients reach higher peaks and are of 
Jonger duration than the levels of Rimifon 
after equimolar oral doses(11). The sig- 
nificance of this difference in relation to. the 
anti-tubercular activities of the two com- 
pounds remains to be evaluated. 

Summary. Urinary excretions after oral 
dosage of Rimifon and Marsilid to 9 normal 
humans have been studied colorimetrically 
by means of the reaction with 10% cyanogen 
bromide in ammonia buffer, The influence of 
non-specific chromogens has been eliminated 
to a large degree by parallel assays of pre- 
dosage control urines. The concentration 
of metabolite in which the hydrazide linkage 
has been split was determined by direct assay 
and the results expressed as “free isonicotinic 
acid” pending positive identification, The in- 
crease in colorimetric readings upon perman- 
ganate treatment has been ascribed to. un- 
changed Rimifon or Marsilid, although, again, 
the exact nature of these excretion products 
has not been ascertained, Total excretions in 
4% hours average about 65% of the dose of 
both Rimifon and Marsilid, but in the same 
period the excretion of unhydrolyzed Marsi- 
lid is only about half that of Rimifon. In the 
first few hours after dose, the relative rate of 
excretion of Marsilid is still lower, averaging 
only about one-fourth that of Rimifon. Ap- 
proximately half of the Rimifon is split prior 
to excretion and almost identical excretion 
patterns are found at the 192 and 125 mg 
dose levels. In case of Marsilid, the excretion 
of free isonicotinic acid parallels closely its 
excretion after Rimifon for 8 hours, but the 
24- and 48-hour totals of free isonicotinic 


acid are about 50% higher after Marsilid. 


This increased excretion of the split product 
results apparently from the longer retention 
of Marsilid in the body, 

Addendum, While the present manuscript 
was in press, a paper by Elmendorf et al.(12) 
appeared in which 24-hour, urinary excretions 
by 6 patients of isonicotinyl hydrazide after a 
single oral dose of 3.0 mg per kg (total 
dose == 140-200 mg) are reported to range 
from 47.8 to 70.7% of the dose (average = 
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61.0%). These excretion values, determined 
colorimetrically by the p-dimethylaminoben- 
zaldehyde reaction(13) are almost twice as 
high as those reported above for 9 normal 
subjects (average excretion of Rimifon after 
125 mg dese = 32% and after 192 mg dose 
= 33%) and correspond closely to the total 
excretion of isonicotinic acid plus Rimifon as 
determined by the cyanogen bromide-ammonia 
method (average total excretion of both 125 
and 192 mg doses = 60%). This difference 
may be due to a) non-specificity of the p- 
dimethylaminobenzaldehyde reaction or b) 
a difference between tubercular and normal 
subjects. Although no Rimifon data have 
been obtained by the cyanogen bromide test 
on tubercular patients, the latter possibility 
appears unlikely in view of the similarity in 
excretion patterns of Marsilid by both types of 
subjects. Five male tubercular patients ex- 
creted approximately the same percentage of 
Marsilid in 24 hours as the above normal sub- 
jects (10-18%), the Marsilid in both groups 
being determined from the difference between 
assays by the cyanogen bromide method be- 
fore and after permanganate treatment. Since 
isonicotinic acid, which is measured by direct 
assay with cyanogen bromide, does not react 
with p-dimethylaminobenzaldehyde, the dif- 
ferences in Rimifon excretions by the two 
assay methods can not be due to the isonico- 
tinic acid present. It is possible that the 
hydrazine split from the Rimifon appears in 
the urine in another form which is measured 
by the p-dimethylaminobenzaldehyde  re- 
action. 

The Rimifon excretions by normal subjects 
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as determined by the cyanogen bromide test 
have been confirmed microbiologically by the 
method of Tabenkin e¢ al.(14), which meas- 
ures Rimifon but not hydrazine or isonicotinic 
acid. Pooled, 24-hour urines from the test 
shown in Fig. 2 yielded microbiological assays 
for Rimifon, which were generally in close 
agreement with the chemical values. 
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(Introduced by Averill A. Liebow.). 


From the Department of Pathology, Yale University School of Medicine, New Haven, Conn. 


Herein described is a method of positive 
pressure anesthesia for the rat that has proved 
to be superior to those methods employing 


* This work was supported by the Office of Naval 
Research. 


intubation and tracheotomy. 

The apparatus consists of 2 Erlenmeyer 
flasks joined by rubber tubing to a positive 
pressure mask (Fig. 1). Flask A contains 
water and receives oxygen from a standard 
tank. The water serves to humidify the gas 
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FIG. 1. Closed positive pressure system with mask 

attached. Letters x, y, and z indicate clamping 

points on tubing for the variation of the oxygen- 

ether mixture. The rat’s head is shown in proper 
position. 


and also acts as an indicator of its rate of 
flow. Flask B contains ether and is connec- 
ted into the system in parallel with Flask A 
and the mask. The glass tubing used has an 
external diameter of 0.7 cm. The positive 
pressure mask consists of a rounded glass 
chamber of sufficient depth (4.5 cm) and 
diameter (4 cm) to receive the head of the 
animal (Fig. 1). The inlet tube (P) is con- 
nected to the oxygen-ether supply. A second 
tube (S), 2 cm in length and 1.4 cm in ex- 
ternal diameter, leads directly to the outside. 
The opening of the mask is equipped with a 
rubber cuff that permits the entrance of the 
head and neck and forms a tight seal without 
constriction. This cuff is readily obtained 
by removing the thenar and thumb section 
from a size 744 or 8 standard surgical glove. 
The tip of the narrower thumb section is re- 
moved. The remainder of the thumb section 
is then fitted over the rim of the mask. The 
resulting orifice can be varied as desired by 
increasing or decreasing the overlap of the 
thumb section upon the body of the chamber. 
The remaining rubber flange is tightly tucked 
about the animal’s neck to produce a better 
seal. As the esophageal orifice of the rat 


- is considerably larger than the laryngeal, the 


oxygen-ether mixture passes more easily into 
the stomach than into the lungs when it is 
delivered under positive pressure. To pre- 
vent this, counterpressure is exerted upon the 
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abdomen by means of a tight abdominal 
binder that can easily be made by cutting a 
strip of rubber 4 centimeters wide from a 
surgical glove. 

Method. ‘The animal is first anesthetized 
with ether in a bell jar. Upon applying the 
mask, care must be taken that the rubber cuff 
is not applied too tightly about the neck. The 
flow of oxygen is controlled by the standard 
gauge attachment of the oxygen tank. A flow 
of 1 to 4 liters per minute is usually sufficient 
depending upon the size of the rat. The 
suitability of the flow-rate of the oxygen- 
ether mixture is easily judged by the degree 
of distention of the rubber portion of the 
mask. The concentration of ether and oxygen 
is varied as necessary by the application of 
a surgical clamp at appropriate positions on 
the rubber tubing in the system (Fig. 1, x, y, 
z). In general, a satisfactory level of anes- 
thesia can be maintained by leaving the 
entire system open. The anesthetist controls 
the pressure within the mask, and the res- 
piratory rate, by opening or closing the outlet 
tube (Fig. 1, S). The transparency of the 
glass mask permits constant observation of 
the color of the mucous membranes. 

This method has been used successfully in 
over 130, thoracotomies. Eighty-seven of 
these were for ligation of the left pulmonary 
artery. With mastery of the technic there 
have been no operative deaths in the last 50 
operations. This compares very favorably to 
the loss of 3 out of every 5 animals by Ellis 
and his associates(1) for the same operation 
using the translaryngeal intubation method 
described by Porter and Small(2). 

The method described here has several ad- 
vantages over that of Porter and Small(2) in 
that it eliminates the necessity of intubation, 
the danger of trauma to the upper respiratory 
tract, and the possibility of obstruction of the 
intratracheal tube. The use of ether alone 
permits not only close control of the anes- 
thesia, but also a short post-operative re- 
action period. Neither of these is possible 
with the use of intraperitoneal barbiturates. 
Although rats are unusually prone to respira- 
tory diseases, the number of post-operative 
deaths following the use of ether has been 
reasonably small. 
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The tracheotomy method of positive pres- 
sure anesthesia as described by Farris($) has 
limited application. It was designed for use 
in terminal experiments where the survival 
of the animal is not necessary. 

As an additional aid in the performance 
ef the thoracotomy, a special operating table 
easily constructed from a standard cigar box 
is used. The extremities are tied in such a 
way that the animal is partly suspended and 
partly supported upon a soft-rubber sponge. 
This permits more freedom of thoracic move- 
ment and easier expansion of the unoperated 
lang. The use of the rat-board has proved 
te be more restricting and the results have 
mot been as satisfactory. 
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Summary. A method of positive pressure 
anesthesia for the rat using a mask and an 
abdominal binder is described. It is applica- 
ble to the use of ether, intraperitoneal bar- 
biturates or both as anesthetic agents. A 
closed system for the administration of the 
oxygen-ether mixture is also illustrated. 
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(With the technical assistance of Robert J. Dellenback.) 


From ihe Department of Zeelogy, University of Caltfornza, Los Angeles. 


It is recognized that sodium ions are re- 
quired for activity of nerve fibers(1-6). It 
is also well known that potassium ions, in 
cencentrations above normal, cause a de- 
polarization of the nerve membrane, a decrease 
im excitability and a bleck of conduction(4, 
7-2). 
minated in the theory that entrance of sodium 
during the penod of the rising phase of the 
action potential spike, and the exit of po- 
tassium during the falling phase, are central 
events in the mechanism of conduction(5). 
This theory recognizes the important point 
that the movements of these two ions are not 
independent and unrelated events but rather, 
integrated processes which occur in sequence. 
The sodium and potassium mechanisms thus 
imterlock at some point in the chain of re- 
actions of the nerve impulse. The problem, 
therefore. is to discover the means whereby 
such interlecking occurs. This communica- 
tien will report an interaction between sodium 

* Aides by a grant from the Division of Research 
Grants and Fellowshigs, Nafiezal Institutes of Health, 
U. S Pebke Health Service: and by a grant from 
the Beard ef Research, University of California. 


A leag series of experiments has cul- 


and potassium in the maintenance of conduc- 


tion in frog nerve fibers which seems to be 


of more than passing interest. At this stage 
of development it is only necessary to pre- 
sent a simple and factual report of the results 
without interpretation. 


Procedure. Except for certain essential in- 


formation, no details of procedure need be 
given, since these were reported in a previous 
communication(6). Isolated and desheathed 
sciatic-peroneal nerves of bullfrogs were laid 
across stimulating and recording electrodes in 
a moist lucite box. A 20 mm segment of nerve 
between the stimulating and the recording 
electrodes was set within a glass cup. Various 
test solutions were added to the cup, thus 
exposing the segment to the solutions. Phos- 
phate Ringer’s solution at a pH of 7.0-7.3 
was used. This contained 0.11 M NaCl and 


0.0018 M KCi in addition to the other usual _ 


components of frog Ringer’s solution. Po- 
tassium enriched solutions, when required, 
were made by adding crystalline KCl to un- 
altered Ringer’s fluid. As Shanes(10) has 
pointed out. this procedure is not only per- 
missible but is requisite in a system which is 


plotted against time, in min. 


relatively impermeable to sodium and _ per- 
meable to potassium and chloride. Sodium 
deficient solutions were prepared by osmotic 
replacement of the NaCl with compounds 
such as tetramethyl ammonium bromide or 
choline chloride. As already indicated(6) 
these compounds may be considered to be 
inert replacements for the NaCl. The signifi- 
cant experimental procedure involved the re- 
cording of the effect on conduction in the A 
fibers, of solutions with different potassium 
and sodium concentrations. Conduction in 
the A group of fibers was studied by oscillo- 
graphic recording of the compound A spike 
in the nerve region beyond the treated seg- 
ment. 


The results are understandable by refer- 
ence to the accompanying three figures and 
their legends. The nerve fibers were first 
blocked by a 0.11 M tetramethyl ammonium 
bromide solution containing no added NaCl. 
Except for Fig. 1, the time course of this low 
sodium block is not shown because this was 
described elsewhere(6). In addition to the 
block, Fig. 1 illustrates successively the effects 
of adding 2 solutions each with 6 times the 
normal concentration of KCl, the first solu- 
tion (added at A) containing 0.0085 M NaCl, 
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FIG. 1. The action of potassium ions on recovery of conduction at low, and at normal sodium 
ion concentrations. In all 3 figures the height of the compound A spike, in % of normal, is 
At zero time the nerve segment was treated with .11 M 
tetramethyl ammonium bromide with no added NaCl. Block occurred, and at 21 min (A) a 
solution containing .0085 M NaCl and .0108 M KCl was added in place of the low sodium 
solution. At 27 min (B) a solution containing .11 M NaCl and .0108 M KCl replaced the 
previous solution, Ringer’s solution with the normal concentration (.0018 M) of KCl was added 
at 33 min (R). 


and the second solution (added at B) con- 
taining 0.11 M NaCl. This experiment brings 
out the point that a solution with potassium 
ions at 6 times the normal level was able to 
restore and to maintain conduction with the 


FIG. 2. Influence of potassium ions on recovery 
from low sodium block. Recovery was followed 
with solutions containing .0085 M NaCl and with 
varying concentrations of KCl. Each solution was 
added one min after completion of low sodium 
block. KCl concentrations were: .0036 M (1), 
0054 M (2), .0072 M (3), .009 M (4) and .0108 
M (5). To avoid complicating the figure the re- 
turn of the A potential after the addition of 
Ringer’s solution at the times indicated by vertical 
lines has not been drawn in. 


FIG. 


Sopium-Potassium ANTAGONISM 


3. Action of potassium ions in presence of varying concentrations of sodium, Recovery 


from low sodium block was followed with solutions containing .009 M. KCl in the presence of 


NaCl at the following concentrations: 


11 M (1), .066 M (2), .044 M (3), .022 M (4), .011 M 


(5) and .0055 M (6). Not drawn is the recovery which followed the addition of Ringer’s solu- 
tion at the times indicated by the vertical lines. 


higher sodium concentration but not with the 
lower sodium concentration. It is known al- 
ready(6) that a solution with 0.0085 M NaCl 
in the presence of normal potassium is able 
to maintain activity in many of the A fibers. 
This finding is supported by the graphical 
data of Fig. 2 

The second figure shows the course of re- 
covery from low sodium block by means of 
different solutions all containing 0.0085 M 
NaCl but with varying potassium chloride 
concentrations. It is clear that though the 
0.0085 M concentration of NaCl was able 
to effect recovery and to maintain conduction 
in the presence of 0.0036 M KCl, it was less 
able to do so, the higher the potassium con- 
centration. Fig. 3 illustrates the converse 
effect, that is the action of different solutions 
with varying sodium concentrations and with 
one level of potassium chloride, 7.e., 0.009 M. 
This experiment shows that a concentration of 
0.11 M NaCl was sufficient to antagonize 
the action of 0.009 M KCl so that recovery 
occurred and no secondary block developed, 
at least within the period of the experiment. 
However, lower concentrations of NaCl were 
unable to maintain Hs in the presence 
of 0.009 M KCI. 

The results of these experiments reveal 
the existence of a marked antagonism between 
these physiologically significant ions. Rela- 


tively small changes in potassium concentra- 
tion were able to modulate the action of 
sodium. In addition to the primary problem 
of the mechanism of this antagonism, these 
results raise the interesting possibility that 
the sodium-potassium antagonism may be the 
basis for a number of physiological properties 
of nerve activity which are as yet unexplained. 
The refractory period, for example, is one 
such property. If sodium action is required 
for spike production, and if potassium leaves 
the nerve fiber at an accelerated rate during 
the falling phase of the spike, then the 
momentary rise in external potassium in the 
neighborhood of the fiber after an impulse 
may lead to a momentary antagonism to 
sodium and be the cause of refractoriness. 


Summary. The conduction block in bull- 
frog A fibers which is produced by the pres- 
ence of elevated potassium ions is dependent 
on the sodium concentration. At a fixed level 
of potassium the rate of block increases as the 
sodium concentration is decreased. This oc- 
curs at concentrations of sodium which, at 
normal potassium, have no blocking action. 
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Influence of Hemagglutinating Viruses on Tumor Cell Suspensions: 


I. Growth Inhibition and Reversal of the Effect.* 


(19479) 


Axice E. Moore anp LEILA C. DIAMOND. 
From the Sloan-Kettering Institute for Cancer Research of the Memorial Cancer Center, New York. 


In the course of experiments with mixtures 
of Newcastle Disease (NDV) virus and 
suspensions of sarcoma 180 cells it was found 
that after being kept at 4°C, the tumor cells 
failed to grow when inoculated subcutaneously 
into mice. This result was accompanied by a 
fall in hemagglutination titer of the virus. 
When similar mixtures were kept at 4°C 
for 10 minutes and subsequently at room 
temperature for 1, 2, or 3 hours, subcutane- 
ous inoculation resulted in tumor growth. 
This was accompanied in most instances by 
the reappearance of hemagglutinating activity 
of the virus. The similarity of these findings 
to those observed when hemagglutinating 
viruses are brought in contact with red cells 
(1) has led to further experiments to de- 
termine to what extent the parallelism of the 
phenomenon holds. Most have been con- 
ducted with the NDV and the sarcoma 180 
suspensions, but other tumor-virus systems 
have been used with success. The preliminary 
results are herewith reported. 


Materials and ,methods. Viruses. “The 
Massachusetts strain of NDVt was used in 


*This work was supported by funds from the 
National Cancer Institute of the U.S. Public Health 
Service, American Cancer Society and the Damon 
Runyon Memorial Fund for Cancer Research. 

+The NDV was obtained through the courtesy 
of Dr. G. Sharpless of the Lederle Jaboratories, the 
PR8 strain from Dr. F. Horsfa]l of the Rockefeller 
Institute and the WS strain from Dr. H. Koprowski 
of Lederle laboratories. 


most of the experiments. In a few, however, 
the PR8&+ strain of influenza and the WSt 
strain of neuro-influenza were employed. All 
were used as pools of allantoic fluids. Tumor 
suspensions. Animals bearing 7-day-old 
sarcoma 180 were sacrificed, their tumors re- 
moved and made into a suspension by pushing 
them through a fine 40 mesh monel metal 
screen with a pestle. The suspensions were: 
made to 10% in Locke-Ringer buffered with 
phosphate to make the pH 7.2. Glucose was 
added to make 600 mg %. ‘The suspensions. 
consisted of single cells, clumps of 8-10 cells. 
and larger clumps up to the size of the aper- 
tures of the sieve. After the larger clumps 
had been permitted to settle a fairly uniform 
suspension was obtained. Both settled and 
unsettled suspensions were used in the ex- 
periment. Suspensions of Erhlich carcinoma 
were made in the same way. 

Experimental procedure. In most experi- 
ments 10% sarcoma 180 and virus were mixed 
at the desired temperature. At different time 
intervals 0.5 cc of tumor-virus mixture was 
inoculated subcutaneously in each flank of 
Carworth Farm white mice. A readily palp- 
able and visible bleb formed which gradually 
disappeared in about 1 hour. When tumor 
grew it assumed the form of the bleb. The 
mice were examined at weekly intervals and 
tracings of their tumors made. They were 
kept for 1 month after which they were 
autopsied to ascertain the presence of internal 
tumors. The results are expressed as per- 
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FIG. 1. Inhibition of sarcoma 180 by NDV ait 4°. 


centage of tumor growth regardless of the 
size of the tumor. In all experiments a com- 
parable tumor suspension was mixed with 
normal allantoic fluid and the same pro- 
cedures carried out. Tifrations. All titrations 
for the hemagglutination (HA) of the virus 
‘were carried out by making two 1-10 dilutions 
in saline for the first two tubes and doubling 
dilutions thereafter. .An equal volume (0.5 
cc) 4% of washed adult chicken red blood 
cells in saline were added and the tests were 
read’at the end of 1 hour at room temperature. 
Titrations for infectivity of the virus were 
made by inoculation of 0.2 cc of each dilution 
into the allantoic sac of three 10- or 11-day 
eggs. The dilution which killed ™% the em- 
bryos was taken as the end point and the 
result expressed logarithmically. 


Experimenial. The experiments will be 
presented under two headings, 1) adsorption 
oi the virus as indicated by the fall in HA 
titer and as correlated with the failure of the 
tumor to grow and 2) elution of virus accom- 
panied in most instances by an increase in HA 
and tumor growth. It is realized that absolute 
proof that the virus adheres to the tumor cells 
and results in their inability to grow is lack- 
ing and must await further work. For con- 
venience of discussion, however, it is felt 
justifiable to carry over the terms used in 
discussing the hemagglutination of red cells 
by viruses. : 


Adsorption of NDV on sarcoma 180 tumor 


cell suspensions. 1) Effect of temperature. 
Experiments were carried out simultaneously 
at 4°C, room temperature which varied from 
22-24°C, and 37°C. It was found that at 
37° the control suspensions of tumor cells in 
normal allantoic fluid lost their viability so 
rapidly that no direct comparison could be 
made with the experiments done at the other 
temperatures. There was evidence, however, 
that the virus was adsorbed with inhibition 
of tumor growth. Undiluted NDV allantoic 
fluid was brought to the temperature employed 


in the experiment and then rapidly mixed with — 


a 10% sarcoma 180 cell suspension (settled) 
at the same temperature. Directly thereafter 
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6 cc was removed, 1 cc rapidly centrifuged to 
sediment the tumor cells and the remaining 
5 cc was inoculated in 0.5 cc quantities into 
both flanks of 5 white mice. A hemagglu- 
tination titration was done on the centrifuged 
supernatant. This procedure was repeated at 
stated time intervals. As a control, another 
aliquot of tumor cell suspension was mixed 
with equal parts of normal allantoic fluid and 
mice were inoculated at the same time inter- 
vals. All of these tumors grew. 


Fig. 1 and 2 show the result of a repre- 
sentative experiment. The tumor inhibitory 
effect was apparent immediately at both 
temperatures. It was maximum at 4°C in 60 
minutes and at room temperature remained at 
its lowest level for 30 minutes, after which 
spontaneous elution, as measured by tumor 
growth, appeared to take place. The HA 
titer seldom coincided absolutely with the 
inhibition of tumor growth although the im- 
mediate fall in titer after mixing always oc- 
curred. No attempt was made to interpolate 
between the relatively large range of dilutions 
in the HA test. This might have resulted in 
a smoother curve. However, in experiments 
carried on for 8 to 12 hours it was found 
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FIG. 3. Inhibition of growth of Sarcoma 180 sus- 
pensions by NVD. 
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FIG. 4. Inhibition of Sarcoma 180 by NVD with 
different amounts of tumor suspension. 
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FIG. 5. Inhibition of sarcoma 180 by NDV with 


different dilutions of virus. 


that the virus HA titer varied in an undulating 
fashion from high to low, whereas the inhibi- 
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tien of tumer growth varied only slightly. In of both the 20% suspension and 10% sus- 
most experiments in which the effects of 4°C pension fell from 1280 to 320, and for both 
and of room temperature were compared the the 5% and 2.5% suspension the fall was 
extent of tumor inhibition was approximately from 1280 to 160. 
the same although some elution toek place at 4) Influence of the amount of virus on 
ream temperature. tumor inhibition. NDV infected Oi 
REN ze . fluid was mixed with normal allantoic fluid 
2) Rapidity of the reaction. A sarcoma wep 
180 “setae was settled for 10 minutes at = citations a a, 10 ane 10". 
m ‘se, along with the undiluted fluid, were 
4°C to remeve all the clumps. It was mixed then ‘mixed with ai equal amount aie 
im equal portions with NDV infected allantoic zy 180 su aa ae nee 
fluid and samples were removed at intervals ni aa ea mee ; re pes 
ef 1 minute for ineculation into mice and HA titrations auan Sately. anal anee 
for determination of the HA tite. Fis. 3 jo ainutes The ee weet 
S given in Fig. 5 show 


shows the results of the experiment. It : PRS ‘ 
: Reed A that maximum tumor inhibition occurred with 
demonstrates that the inhibitory effect of the he undiluted NDV: infected allanwaccinell 


Virus on the growth of the tumor cell takes 
place very rapidly. sewene RS idle 
3) Relation between the number of tumor 
eells and the inhibition of their growth. The 
sarcoma 180 suspension was made up in 
baffered Locke-Ringers to concentrations of 
20%, 10%, S% and 2.5%. Each concentra- 
tien was mixed with an equal part of NDV x 
infected allantoic fluid at 4°C. After 10 
minutes mice were ineculated subcutaneously 
and a HA titer done on a sample of the super “* 
natant. Fig. 4 shows that very little inhibi- 
tion eccurred with the 20% suspension but 
was demonstrable with all the others. The 
smaller the concentration of cells the more = ry es = 
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and was least with that diluted 1-1000, HA 
titers showed a drop concurrent with tumor 
inhibition except for the 10% dilution where 
no HA titer was demonstrable. Repeated 
experiments have given the same general re- 
sult and show that there is a critical level 
beyond which the virus cannot be diluted to 
obtain, the inhibitory effect, 

Elution of NDV from sarcoma 180 sus- 
pension. After adsorption at 4°C for short 
periods as described above, it was found that 
placing the flask at room temperature for 
varying periods of time resulted in an in- 
crease in the hemagglutination titer and con- 
current with this the tumor cells “regained” 
their ability to grow. Fig. 6 demonstrates the 
result of adsorption at 4°C for 10 minutes 
and subsequent elution at hourly intervals. 
In another experiment adsorption was carried 
out at 4°C for 10 minutes and then the 
flasks placed at room temperature for 1 hour, 
During this time aliquots were removed at 
regular intervals for inoculation of mice and 
for HA titers, The results are given in Vig, 7. 
it can be seen that elution does not take place 
until 1 hour and is not quite complete, Con- 
trol tumor suspensions with normal allantoic 
fluid grew in all instances, The elution proc- 
ess is much slower than the adsorption and 
is not always demonstrable. The failure of 
elution is probably also related to the amount 
of virus and the number of cells, Further 
work is being done to elucidate this point, 

Failure of the NDV to grow in the sarcoma 
180. When NDV was inoculated in 0.1 cc 


- quantities directly into the tumor of sarcoma 


130 bearing animals it persisted but there 


was no evidence of multiplication, Table I. 
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Animals were killed at regular intervals and 
the virus content of their tumors titered by 
egg inoculation, The experiment was carried 
out for 11 days and only traces of virus could 
he detected on the #th and 9th days when 1 
chick embryo out of 3 given a 10° dilution 
of tissue died and showed a positive HA, In 
addition, in tissue culture experiments in 
which virus was inoculated into minced sar- 
coma 140 in Tyrode’s solution it was impos- 
sible to keep the virus living for more than 
3 consecutive passages,  Bioassays showed 
the tumor to be viable, Parallel cultures made 
in chick embryo showed that the virus multi- 
plied readily in this medium, In summary, 
there is no evidence that the NDV multiplies 
in the sarcoma 140 whether in the intact 
animal or in tissue culture where the source 
of living cells is the sarcoma 180, 


Liffect of immune serum on the reaction, 
Immune serum was prepared by inoculation of 
rabbits with 10 cc of NDV infected allantoic 
fluid intravenously twice at weekly intervals. 
Normal allantoic fluid (NAF) was inoculated 
in the same way, Two weeks after the final 
inoculation the rabbits were bled and serum 
collected, Sarcoma 140 tumor cell suspen- 
sions were prepared in the usual manner and 
mixed with equal parts NDV infected allantoic 
fluid and placed at 4°C for 10 minutes for 
adsorption, HA titers and animal inocula- 
tions showed that adsorption had taken place, 
Table 11, The cells were removed, centrifuged 
and washed in twice the volume of buffered 
Locke-Ringer solution, They were again 
sedimented and resuspended in fresh diluent 
to § ce, One ce of anti-NAF serum, buffer, 
pre-vaccination sera and sera from the vac- 
cinated rabbit at different dilutions was added, 
flasks were allowed to stand at room 
temperature for 44 hour after which mice 
were inoculated subcutaneously, Jt is ap- 
parent that the anti-NDV serum even when 
added in high dilution to the cell suspensions 
resulted in complete tumor growth in con- 
trast to the cells to which the other sera and 
buffered Locke-Ringers had been added, Since 
the reaction can be inhibited by specific serum 
it indicates that the virus particle is responsi- 
ble for the inhibition of tumor growth. 
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TABLE I. Effect of NDV Immune Serum on Inhibition of Tumor Growth by NDV. 


mam 4° 10—_—" ,, Resuspended S-180 at 44 hr RT°——_—_,, 

HA T.G..%* Materialsaddedtocells(lec) HA T.G.,%* 
Omg. 3200: Buffered Locke-Ringers 10 40 
4° 10’ 1600 60 Anti-NAF serum 0 50 
Pre-vaccination serum 0 60 
Anti-NDV serum—undil. 0 100 
= = 7 107 0 100 
ae a = —i* 0 100 


* T.G. — Tumor growth. 


Experiments with other tumors and other 
varuses. Another tumor which lends itself to 
this type of experiment is the Ehrlich car- 
emoma which will cause subcutaneous tumors 
when inoculated subcutaneously or a fatal 
ascites when inoculated intraperitoneally. 
When a 10% suspension was made from a 
solid tumor and mixed with equal parts of 
NDYV,, tumor inhibition associated with a fall 
in hemagglutination titer occurred in the same 
manner as in the experiment with sarcoma 
180 when these mixtures were moculated 
either subcutaneously or intraperitoneally. 
Elution also took place in the same manner. 

Other hemagglutinating viruses have been 
used with the sarcoma 180 suspensions. Pre- 
liminary experiments lead us to believe that 
when sufficient PR8§ strain influenza virus is 
present, it has the same inhibitory effect in 


tumor growth as the NDV. WS strain of in- 


fluenza virus appears also to produce a pro- 
found imhibitory effect on the sarcoma 180 
cells suspensions. With this virus (WS) no 
elution has been noted under the same con- 
ditions in which it takes place with the NDV. 
All of the details of the PR8 and WS viruses 
have not been worked out as yet. They will 
be the subject of another communication. 
Discussion. The results here presented seem 
to be quite analogous to the hemagglutination 
of red blood cells by the Influenza-NDY- 
Mumps groups of viruses. It has been im- 
possible to demonstrate agglutination of the 
tumor cells themselves because of their ten- 
dency to agglutinate spontaneously. The dif- 
ferences so far appear to lie mainly in the 
fact that the cells involved are tumor cells 
which ordinarily have the power of reproduc- 
ing themselves when implanted into the proper 
host. When brought im immediate contact 


with the virus they lose this ability but later 
on after a change in temperature from 4°C 
to room temperature they slowly “regain” 
their ability to grow. Since this is always 
associated with a fall in hemagglutination 
titer during the “adsorbing” phase, and usually 
followed by an increase in hemagglutination 
titer during the “elution” phase it is tempting 
to consider the two systems as due to the 
same process. Since we have not been able 
to demonstrate actual multiplication of the 
virus in the sarcoma 180 in the intact animal 
or in tissue culture it seems that the inhibition 
of tumor growth may be associated with the 
presence of virus on the tumor cell. This 
would be analogous to that seen with in- 
activated bacteriophage which also is capable 
of inhibiting bacterial growth during the 
“adsorption” stage(2). It is difficult to ex- 
plain the ability of the tumor cells to grow 
again after elution if we postulate on actual 


entrance of the virus particle into the cell. 
The points which are under investigation 
now and which it is hoped will elucidate the 
mechanism more fully are 1) investigation of 
the tumor cell itself following adsorption and 
elution, 2) the effects of virus which has 
undergone physical treatment such as ultra- 
violet and heat, 3) attempts at receptor re- 
moval by chemical or enzymatic means, 4) 
the role of non-specific inhibitors in this re- 
action. 


Summary. 1. When mixtures of sarcoma 
180 and active NDV allantoic fluid are mixed | 
at 4°C and inoculated subcutaneously into 
mice an inhibition of tumor growth takes 
place. This is associated with a fall in 
hemagglutination titer. After the mixtures 
have been brought to room temperature for 
one to 3 hours subcutaneous inoculation re- 
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sults in tumor growth. This is usually asso- 


ciated with an increase in hemagglutination 


titer. 2. No evidence has been found for the 
multiplication of the virus in the sarcoma 180. 
The results are discussed as an analogy with 
the hemagglutination of red blood cells by 
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the Influenza-Mumps-NDV group of viruses. 
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Prompt Effect of Adrenal Stimulation on the Free Amino Acid Content of 


Rat Tissues. 


(19480) 


Norman D. LEE AND RosBert H. WILLIAMS. 
From the Department of Medicine, University of Washington, Seattle, Wash. 


In studies involving the prolonged adminis- 
tration of the hormone preparation, it was 
found(1) that various endocrine factors in- 
fluenced the free amino acid concentration of 
rat tissues. In connection with certain of our 
investigations it was important to know if 
these effects could be elicited upon short term 
treatment. We are reporting the effects 
within 2 hours of adrenocorticotropin and of 
various adrenal steroids on ‘the free amino 
acid concentration of rat tissues. 

Experimental. Male Sprague-Dawley rats, 
weighing approximately 160 g, were used in 
groups of 4 to 8 for each experiment. The 
hormone was administered subcutaneously 
after a preliminary fast of 16 hours and the 
animals were sacrificed 2 hours later. Picric 
acid filtrates of various tissues were imme- 
diately prepared and analyzed for amino acid 
content by the ninhydrin gasometric method 
(2). Analytical values dre presented as mg 
of amino N/100 g of tissue, wet weight. 


Results and discussion. The experimental 
results are presented in Table I. Deviations 
from normal are considered significant only if 
P <0.02(3) and, in the table, are in italics. 
It can be seen that, of the tissues studied, only 
liver, kidney, and adrenal showed a short term 
response to hormone administration. This is in 
contrast to the report of Friedberg and Green- 
berg(1) where it was shown that, following 
several days treatment, kidney showed no re- 
sponse and there was a sharp rise for plasma. 
The inertness of cortisone acetate probably 
might be explained on the basis of poor ab- 
sorption from the site of injection. That the 
liver, kidney, and adrenal changes represent 
specific target organ responses is supported 
by the lack of significant alteration in plasma 
levels. 

An unexpected finding was the marked 
change in the free amino acid content of the 
adrenal following adrenocorticotropin (P 
<0.001). In view of the ease and precision 


TABLE I. Influence of Various Adrenal Hormones and of Adrenocorticotropin on Free Amino Acid 
( of Tissue Concentration of Rat Tissues. 


Dose/ Tissue— et 
Treatment 100 g Tleart Liver Kidney Spleen Adrenal Plasma 
Control _— 24,141.56 22.7+1.03 26.84.85 35 = 59 43.3 .86 4.21.24 
Adrenocortical extract .2ml 25 + .74 287+ 87 33.92.58 37.441.34 44.841.73 5.40+.40 
(Upjohn) 
Desoxycorticosterone emp \24,72- 59 27 + 47 2744.91 34.52 45 43.841.47 5.10+.48 
glucoside 
Cortisone acetate De O7ba= 76 26.41.02 28.94.37 34.62: .66 46.31.98 4:19.31 
Adrenocorticotropin O01” 27.7 69. #8.8%2.00 30.24.46 36.541.10 53.64138 4.91+.3) 


Values are presented as means + stund. errors. 
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af these determinations it is conceivable that 
this appreach might be used in devising an 
assay methed for adrenecerticotropin. 
Semmery. The effect within 2 hours of 
adrenecerticotrapin, and adrenal hormone 
administration an the free amine acid content 
of rat tissues was determined. Liver and hid- 
ney showed a significant increase following 
administration of either hormane preparation 


' Genetic Modification of Response to Spleen Shielding in Irradiated Mice.* ' 


ae ee, a ee 


Srrary DePsnpences oF SPEEEN SHISLDING 


and the adrenals showed an increase following 
adrenocerticotropin administration, 


en en ee RI 


th, Friedberg, F. and Greenberg, DL M\ J. Biol. 
Chem, 1947, wl6S, 408, 

2, Hamilten, PL By and Van 
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Jacobson and his coworkers(1,2) have dem- 
enstrated that shielding of the exteriorized 
Spleen will protect CF-1 mice against lethal 
doses of whele bedy xradiation. Hemato- 
poietic activity in the shielded spleen is 
greatiy stimulated within the first 24 hours 
after irradiation and recevery of hemato- 
poietic elements in the bane marrow occurs 
seener than in sham-shielded irradiated con- 
trels. However, spleen shielding has report- 
edly been only patty protective in other 
“Species, Evidence is presented herein of a 
significant difference in response of two dif- 
ferent inbred strains of mice, associated with 


Mice of strains A (Strong) 
and C57 black, of beth sexes, were divided 
equally with respect to age (range 32-69 
days) among 3 groups. One was Kept intact 
and received a Single whole-body dose of 
$30 r. Physical factors were 120 Kyp, Sa 
Q235 mm Cu + 1.0 mm Al added filter, 3 
cm meouse-target distance. 32 r/min. ie 
Spleens of the other two groups were exterior- 
ized under nembutal anesthesia and placed 
respectively in lead or paraffin shields during 
* This investigation was supported by a sub-con- 
tract frem the Navel Radielegics! Defense Labera- 
tery, Sam Framciee Neve! Shiprerd. 


irradiation to the same dose, as described by 
Jacobson ef ef.(1). Some animals in these — 
groups died during operation. Animals were 
maintained under identical laboratory condi+ 
tions and had free access to Purina Labora- 
tory Chew and water, One animal of each 
strain was sacrificed in each group at 3, 5, 7, 
Q, and 11 days after irradiation; complete 
autopsies were performed and the thymus, 
spleen, superficial lymph nodes, and liver were 
fixed in Bouin's fluid for histologic examina-— 
tion. In addition, sternal bone marrow smears 
were made and stained with Wright's and 
Giemsa’s stains, The remaining animals were 
observed daily for deaths during the first 30 
days after irradiation. 

Results are summarized in Table I and 
Fig. 1. The earliest deaths among sham- 
shielded A mice occurred on the 4th day, 
whereas deaths among the intact irradiated 
controls were not observed until the 12th day. 
From this point on, however, cumulative 
curves of these 2 groups were parallel and 
final mertality was almost identical. A simi-_ 
lar premature onset of death, without a 
greater final incidence, occurred in sham- 
shielded C37 black mice. Death Started sig- 
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TABLE I. Effect of Spleen-Shielding on Radiation Mortality in Two Strains of Mice. 


t Expressed as: No. dying/No. irradiated. 


age upon susceptibility among C57 blacks(3) ; 
mortality decreased only moderately with age 
among the albino mice. 

Spleen shielding protected strain A mice 
completely against mortality after 550 r. In 
contrast, mortality in spleen-shielded C57 
blacks attained 23%, despite the lower final 
death rate in controls of this strain. 

Histologic examination revealed essentially 
the same degree of initial damage in the thy- 
mus glands, lymph nodes, and bone marrows 
in all groups of each strain. The shielded 
spleens of both strains showed distinct en- 
largement and increased cellularity within 3 
days. Those of strain A seemed enlarged 
primarily by the proliferation of hemato- 


= —Strain A. — ; Strain C57 Black————, 

32-41* 32-41 

Treatment group days 42-51 52-61 62-71 Total days 42-61 62-71 Total 
3 s - 
Spleen shielded O/Tt 0/21 0/10. “0/4 0/42 0 4/7 2/11 2/7 8/36. 28 
Sham 4 6/7 18/22 5/10 3/4 32/43 74 6/6 11/16 5/18 22/41 54 
Intact Mie cla flO: 7 /il 3/7 34/45 76 8/8 14/19 3/16 26/44 59 
* Age at time of exposure to single dose of 550 r 


poietic elements in the red pulp, with rather 
small Malpighian corpuscles, whereas the 
shielded spleens of the serially sacrificed C57 
blacks showed approximately the same areas 
of enlarged white pulp and red pulp in cross- 
sections. The numbers of animals are too 
small, however, to convey more than a sug- 
gestive difference. Recovery of the lymph 
nodes and thymus glands was not apparently 
influenced by spleen-shielding under these 
conditions. Bone marrow preparations were 
not technically satisfactory for quantitative 
comparison of the 2 strains. 

Summary. It appears that the protective 
effect of spleen-shielding in irradiated mice 
may be genetically conditioned, and related 
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to the importance of the spleen in the hemato- 
poietic system of each strain, 
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Acute beryllium poisoning in mice, readily 
produced by the intravenous injection of 
soluble beryllium salts, usually terminates 
fatally in 3 days(1,2). Death results from 
acute liver failure following hepatic focal and 
mid-zonal necrosis(1,3). Additional patho- 
logical changes in the kidney and spleen have 
also been described. Recently, aurintricar- 
boxylic acid, a substance of relatively low 
toxicity, was found to be an effective antidote 
when it was administered to mice up to 8 
hours after they had received LD»; amounts 
of BeSO, intravenously(2). This protection 
was attributed to its chelating and lake-form- 
ing properties. The present study was under- 
taken to ascertain if the salicylic acid portion 
of the aurintricarboxylic acid molecule would 
be as effective in reversing experimental beryl- 
lium intoxication. 

Experimental. BeSOQ,y was injected intra- 
venously into young adult female CF#1 
mice in an aqueous solution containing 0.07 
mg Be per ml at a pH of 3.6-3.7. The animals 
were injected with 0.7 mg Be per kg, an 
amount which kills approximately 95% of the 
mice within 2 weeks. Compounds tested for 
antidotal properties were administered intra- 
venously one hour later, except as otherwise 
noted. Control animals given only beryllium 
showed a 2.2% survival after 14 days with a 
50% mortality time of 2.4 days. 

Sodium salicylate was studied at various 
dose levels and the results, summarized in 
Table I, show this compound to be effective 
as an antidote when given in adequate doses 
either intravenously or intraperitoneally. Of 


the sodium salts of various analogues of sali- 
cylic acid tried, those without the ortho- 
hydroxy, carboxylic acid structure were uni- 
formly ineffective. However, not all com- 
pounds with this grouping showed protective 
properties. Sodium p-aminosalicylate gave 
only equivocal results. Sodium gentisate, a 
product of salicylate metabolism(4), and its 
analogue, sodium 2,4-dihydroxybenzoate, were 
ineffective. 

Disodium catechol disulfonate, which has 
been found to be effective in the treatment of 
experimental uranium poisoning(6), was par- 
tially successful. 

Sodium salicylate afforded protection when 
treatment with 400 mg per kg was delaved 8 
hours but not when treatment was postponed 
24 hours. Pretreatment 8 hours before the 
beryllium was administered was ineffective, 
probably because of metabolism and excretion 
of salicylate during this period. 

Discussion, The toxicity of beryllium to 
tissues has been ascribed by several investi- 
gators to its soluble, ionized form(1,5). 
Among the factors believed to be involved in 
effective antidotal action against beryllium 
ions is the chelating action of the ortho- 
hydroxy, carboxylic acid structure, which re- 
duces the availability of the toxic ionized 
beryllium(7). Such chelation is presumed to 
occur with salicylate as well as with aurintri- 
carboxylic acid, which in addition forms a 
stable lake. Undoubtedly, factors other than 
chelation are involved in successful protection 
against acute experimental beryllium poison- 
ing. For example, on a molar basis about 35 
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TABLE I. Effect of Salicylate and Salicylate Analogs on Experimental Beryllium Poisoning 


in Mice, 
Dose level, % survival Time to 50% 
Compound” mg/kg No, mice at 14 days deat Ai in days 
Beryllium controls --- 90. 22 DAP: 
f 600 20 1004 past 

Sodium salicylate , 400 39 79 
Na o-hrydroxybenzvate) | 200 10 60 : 

40 10 i) 2,5 

Sodium salicylate (intraper.) 600 10 100 ~ 
” ep oe § 660 10 20 2,9 

p-aminosalicylate 1 400 30) 57 
”  m-hydroxybenzoate 600 10 4) 2.4 
“ p-lydroxybenzoate 600 10 0 2,4 
” — o-chlorobenzoate 600 IW i) 2.8 
”  — gentisate (Na 2,5- § 660 10 0) 24 
dihydroxy benzoate ) | 330 10 10 1.9 

Ba poe Shinn Rese (Na 660 10 0 14 
2,4-dihydroxy benzoate ) 

Disodium catechol disulfo- f 800 10 50 8.4 
nate (Nag 1,2-dihydroxy- 4 400 10 5Y 13.4 
benzene-3,5-disulfonic | 200 9 33 4.3 
acid) | 80) 10 20 2,4 


* All compounds administered intrav. 
+ Mean value of 9 experiments. 


) 


except as noted. 


+ No deaths after 60 days and 122 days, respectively, in 2 groups of 10 mice each. 


times as much salicylic acid is required for 
antidotal action than aurintricarboxylic acid. 
Moreover, the amount of salicylic acid used 
(600 mg per kg) is roughly 75% of the me- 
dian lethal dose while the comparable effective 
dose of aurintricarboxylic acid is about 11% 
of its LDzy. Whether suitable chelating com- 
pounds with or without lake-forming proper- 
ties will be effective in the treatment of acute 
beryllium poisoning in man and further in the 
therapy of chronic beryllium granulomatosis 
needs to be established. 

Although the ortho-hydroxy, carboxylic 
- acid grouping is present in the dihydroxyben- 
zoates, in-the compounds tested the presence 
of the second hydroxyl group nullifies the 
_ antidotal action toward beryllium. To the 
extent that gentisic acid is a metabolite of 
salicylic acid (4 to 8% in humans(4)), the 
protective properties of the latter are dimin- 
ished by salicylate degradation. The major 


metabolic products of salicylic acid are the 
conjugates with glycine and glucuronic acid, 
and the rates at which these are formed from 


_beryllium-salicylate chelates are not known. 
Consequently, it cannot be predicted whether 


whether it would be a hazard because of the 
translocation and possible release of toxic 
beryllium ions in more susceptible tissues. 


Summary. Intravenously or intraperiton- 
eally administered sodium salicylate in dose 
levels of 600 mg per kg is an effective antidote 
for acute beryllium poisoning in mice when 
given up to 8 hours after the administration 
of intravenous beryllium sulfate in LDygs 
amounts. Salicylate analogues without the 
ortho-hydroxy, carboxylic acid grouping were 
generally ineffective as were 2 dihydroxyben- 
ce bn 
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Glass and Boyd have separated from the 
mucin fraction of human gastric juice two 
substances which they call mucoproteose and 
glandular mucoprotein. They have published 
evidence that mucoproteose derives from the 
surface epithelial cells, perhaps as a break- 
dewn product of visible mucus, while muco- 
protein appears to be a product of the neck 
elands of the fundus and corpus(1-4). Pre- 
cipitated with acetone, mucoproteose forms 
brownish. slightly hydrated resin-like clumps 
which adhere to the walls of the test tube, 
while mucoprotein appears as a light flocculent 
opal colored, highly hydrated precipitate. 
After drying with acetone, mucoproteose forms 
a chalk-white amorphous substance, whereas 
mucoprotein forms greyish crystal-like parti- 
eles. Mucoproteose remains soluble while 
mucoprotein is insoluble below pH 4.0 after 
previous precipitation with acetone. On 
alkaline hydrolysis mucoproteose yields only 
$942 mg % tyrosine, while mucoprotein 
yields 7.5 + 0.65. The nitrogen content of 
the mucoproteose is much lower than that of 
mucoprotein (5.7-7.39% as compared to 
12.6 = 044% respectively). On the other 
hand. the content of reducing substances in 
mucoproteose fraction is much larger than 
that in glandular mucoprotein. Recently 
Dische and Osnos examined the polysaccharide 
composition of these two fractions(5). They 
found that mucoproteose is very rich in 
galactose and mannose and contains very little 
hexuronic acid. while mucoprotein contains 
hexosamine and hexuronic acid, but does not 
contain galactose or mannose. 

The electrophoretic technic of Tiselius(6) 
offers further promise for the separation and 
identification of various mucin fractions. To 
date. electrophoretic studies of gastric secre- 


* Supported in part by grants from the El Lilly 
Research Laboratories, Indianapols. Ind, and the 
U. S. Public Heakth Service, National Cancer Insti- 
tute 


tory products have been reported only on 
pepsin of animal origin(7) and on proteins 
of canine gastric juice(8). The present study 
is concerned with the identification of the 
electrophoretic properties of the two mucous 
substances separated from the human gastric 
juice by the technic of Glass and Boyd(1). — 

Materials used for electrophoretic analysis. 
I. Gastric mucoproteose from human gastric 
juice. Samples of gastric juice were recovered 
directly from the stomach of Tom, a fistulous 
subject who has been described in detail else- 
where(9). Other samples were obtained from 
pooled gastric juices of normal individuals and 
patients with gastric hyperfunction and duo- 
denal ulcer. After mucoprotein had been 
precipitated and removed by the technic of 
Glass and Boyd(1) mucoproteose was pre- 
pared from the supernatant liquid either by 
a) acetone precipitation, followed by washing 
several times with acetone-water and acetone, 
and drying in the fresh air at room tempera- 
ture, or b) by lyophilization of the supernatant 
fluid, after it had been submitted to dialysis 
against cold running tap water for 24 hours, 
and distilled water for another 24 hours at 
6°C. IL. Glandular mucoprotein from human 
gastric juice was recovered from the pooled 
specimens because Tom’s gastric juice was 
uniformly poor in mucoprotein. 

The mucoprotein precipitate was either a) 
dried with acetone after washing several times 
with distilled water, or b) lyophilized by the 
dry ice technic after washing several times 
with dilute HCl and distilled water, or c) 
directly dissolved in the buffer for electro- 
phoresis after being washed several times with 
distilled water. The gastric juices used for » 
separation of mucoproteose and mucoprotein 
fractions were placed in the refrigerator im- 
mediately after collection, and processed as 
soon as possible afterwards. The lyophilized 
mucoprotein and mucoproteose were all fairly 
soluble in phosphate and veronal buffers. 


However, it was necessary to first dissolve 
the acetone-dried proteins in a small amount 
of dilute alkali before adding the buffer. 
Ill. Commercial porcine mucin from two 
sources (Winthrop-Stearns granular mucin 
and Wilson powdered mucint) was also an- 
alyzed for purposes of comparison. These 
powdered preparations were ground in a 
mortar with 14 normal NaOH so that they 
could be brought into solution before adding 
the buffer. An attempt was made also to 
separate the “glandular mucoprotein” frac- 
tion from the commercial mucin by processing 
it by the technic mentioned above. IV. 
Crystalline pepsin (Armour), prepared by the 
method of Northrop(10), lot 80802, was used 
for electrophoresis without further processing. 
It was fairly soluble in phosphate and acetate 
buffers. V. Canine gastric juice was collected 
after sham feeding in dogs with gastric 
fistulae+ and dialyzed for 48 hours against 
running tap and distilled water at 6°C, then 
lyophilized by the dry-ice technic. Technic 
of electrophoresis. The electrophoretic tech- 
nic used was the moving boundary method (6), 
and the apparatus used for this study was a 
machine built to the specifications of L. G. 
Longsworth(11). The light source was the 
standard mercury lamp with a green filter, and 
photographic plates used were of the Panchro- 
matic type. The light source was found to 
be unsatisfactory for use with solutions of 
high concentrations (above 2%) because of 
turbidity. It is hoped that this difficulty will 
be eliminated in future studies by the use 
of a source of infra-red emission and infra- 
red sensitive photographic plates or film. The 
average variation in temperature during the 
course of any single experiment was 1°C, 
being less in most experiments (from 0.4 to 
1.0°C) although in a few it varied up to 
1.8°C. The current varied at the most 0.7 
milliamperes. In all but three experiments 
(done on Armour pepsin) an ionic strength 
of 0.1 was used, In these three experiments 


+ Supplied kindly by Wilson Laboratories. 

+We gratefully acknowledge the assistance of 
Dr, W. L. Mersheimer, Department of Surgery, New 
York Medical College, who prepared the dogs with 
_ gastric fistulae. 
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FIG. 1. Prepared mucoproteose from non-dialyzed 

luman gastric juice run at pH 6.1, Note the broad 

ill-defined peak with a negative mobility of 5.51 X 

10-", indicated by the vertical arrow. The center 

of the stationary boundary is indicated by the tail 

of the horizontal arrow in this and subsequent 
figures. 


the ionic strength used was 0.05. Buffers 
used were acetate, phosphate and barbiturate 
(veronal), ranging from pH 3.7 to 8.5. The 
concentrations of pepsin used were from 0.6 
to 1.0%, of glandular mucoprotein from 0,33 
to 1.0% (usually 0.4-0.5), and for muco- 
proteose from 0.6 to 1.0%. The porcine 
mucins were run at the concentration of 1.0%, 
and the lyophilized canine gastric juice at the 
concentration from 1.0 to 1.5%. The po- 
tential gradient was from 4.37 to 8.57 volts/ 
cm, and the time of run was in most instances 
from 2 to 5 hours with the exception of 5 
shorter runs. The electrophoretic mobility of 
each component was calculated from its 
velocity, i.¢., the distance moved by the peak 
divided by the time, and the potential gradient, 
i¢., the amperage divided by the average 
cross-sectional area of the cell and the electri- 
cal conductivity of the protein solution and 
buffer. In calculations of mobility in this 
study the distance moved by the peak (Ax) 
was measured from the descending limb pic- 
tures, with the exception of three runs in 
which it was necessary to make calculations 
from the ascending limb. 
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. TABLE 1. 
——————lGe___e_e_e__e______e__e_e___e__———_———_—_—_—_—_—_—— 
Veet, 
1 Ue Prepara- Concentra- field imeof Plectrophoretic 
No, Souree tion tion,% pu Buffer strength run,see mobility x 10° 
Human mucoproteose a 
nx pers Method a 6 6 $51 17100 ~51 
; 2 cs Ck 61 Phosphate 4613 11940 +4 
; 3 Pool Sa Be). 6.1 [652 13020 ~ 6 
i 4 ee” 2 8,5 Veronal 664 17880 ~ 4 
Ce Human mucoprotein 
i} 1. Pools a A 46 529 8610500 «4.1 
y x 2, Uleer pat. b 6 5 Acetate 5.26 9420-74 
ra 3. Pool B a 5 5 621 11970 -67 
3 4. c a. 2% 6 { 6.67 4590 BS 
§ 5 A a A 6 | 648 4140-86 
Ps 6, Fr ¢ 5D 6 Phosphate 6,00 9300 -~9.Bt 
4 7. D eal! 6.4 6.74 9480 ~-72 
i 82: Jee a A 6.4 688 10260 -84 
¢ 9. A 4 A 73 | 7.29 9320 -8.7 
- 10, E ¢ A 85 (615 12360 -7 
4 11, ie a 33 8.5 Veronal 4437 10590 -BA 
f LB, A td. 88 [578 11250 +72 
a 13, tein addedto 4.33 6 Phosphate 544 9345 92 
a Tom’s gastric juice 
. (total cone, 1.23% ) Peak 
Porcine mucin J Rae bo 
a 1, Gran, 1 79 f 7.35 8040 -~14 
: 2. Wilson x 6 Phosphate 4 6.40 2910 -135 -732 4 -# 
3. Gran, mucoprotein 1 8 | 5.05 5490-184 
F: Peak 
| Whole canine gastric juice Ty... 33 
z 1. PoolA 15 6 Phosphate 658 $220 -10 -74 53-4 
B 1 8.5 Veronal 6.04 2600 +t 83 46-2 
2 Pepsin 
; 1. Armour’s com’) af) 3.7 | 8.24 17580 8=69-3.3% 
4 Jot 80802 Acetate ‘ 
1 3 4 41 | 745 12960 -61*4 
a 3; 6 41 [832 12180 -55* 
4 Fe ee 1 5D { 6.12 10500 +89 
Pe 5. 1 61 | 6.96 6780 10.6 
: 6. 1 61 Phosphate 4 5.73 8430 ~-116 
; rsp) 
. qs 1 64 1692 7200 -109 
4 Ayia 4 67 | $57 4380-8 
q 9, ‘ 1 6,8 | 8.54 2460 -7.9 
ee Le ae “Tne sisi = #No measurement possible. } Caleulated from ase. pattern. 
; t, 
aig be a fast, 4b that in phosphate buffers the peak of glandular mucoprotein could be 
H 6.0 : zs tration 0.4-1.0% it was recognized on dlectrophoresis of a sample of 
_ about -8. 5 x 10% cm? volt} sect, The range whole gastric juice, the following experiment 


in various samples 


was done. Tom’s whole gastric juice which 
did not contain any mucoprotein was lyo- 
philized after dialysis, and submitted to elec- 
trophoresis at 1.3% concentration in phos- 
phate buffer of pH 6.0. Several small peaks 
with negative mobilities were evident, but 
all of them were much dower than those of 
mucoprotein. Thereafter, glandular muco- 
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protein from one of the pools was added at 
a concentration of 0.33% to the same (Tom’s) 
gastric juice preparation and the run was 
repeated at the same pH. A new peak ap- 
peared, the mobility of which was 9.2 x 10° 
cm* volt+ sect, and which therefore fell in 
the range observed in mucoprotein prepara- 
tions. Detailed data are listed in Table I. 


Attempted identification of pepsin peak. 
Since the technic used in separating muco- 
protein from gastric juice by precipitation at 
a pH of 2.0 leaves pepsin in the supernatant 
fluid an attempt was made to prepare the 
mucoprotein fraction in another way so that 
it could contain pepsin as a contaminant. This 
was done on two samples of gastric juice rich 
in pepsin, by precipitating mucoprotein at a 
pH of 3.5 (at which pepsin appears in the 
protein precipitate). Electrophoretic study 
of these mucoprotein fractions, however, 
showed again only one single peak whose 
mobility at pH 8.5 in veronal buffer was simi- 
lar to that of other mucoprotein samples, but 
which in phosphate buffer at pH 6.0 (calcu- 
lated from the ascending limb) seemed to 
be higher than that of remaining mucoprotein 
samples. 

Porcine mucin. ‘The electrophoretic pat- 
tern of Wilson powdered commercial hog 
mucin was determined at pH 6.0 and con- 
centration 1%. One very fast moving peak 
of a mobility —13.5 x 10° and 3 slower moving 
peaks (—7.3, -3.0 and —-0.9 x 10° cm? volt 
sec*) were found. The slowest peak was the 
largest one. The electrophoretic pattern of 
the Winthrop-Stearns granular hog mucin was 
studied at pH 7.9 and in 1.0% concentration. 
One slow moving peak with a negative mo- 
bility of —1.2 x 10° was found, but it was 
strongly suspected that another fast moving 
peak was also present, but was “lost” when 
the experiment was left unobserved for two 
hours. From the same mucin a “glandular 
mucoprotein fraction” was prepared by the 
above-mentioned technic(1). The electro- 
phoresis was done at pH 8.0 and in concentra- 
tion of 1.0%. A single very fast moving 
peak was found with a very high negative 
mobility of —18.0 x 10° (if calculated from 
the ascending limb). 
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FIG, 4. Whole canine gastric juice, dialyzed and 


lyophilized, at pH 8.5. There are approximately 
5 peaks of mobility ranging from —8.3 to —2 
LO: 


Canine gastric juice. Four or more peaks 
were observed in the electrophoretic pattern 
of the canine gastric juice which was dialyzed 
and lyophilized and run at a concentration 
of 1.0-1.5% and a pH 6.0 and 8.5. In Fig. 4 
one of these electrophoretic patterns is shown. 
The small first and second peaks are some- 
what faster than peaks observed by Gross- 
berg et al.(8), the third and the fourth 
(largest) peaks exhibit mobility correspond- 
ing exactly to F-1 and F-2 fractions as de- 
scribed by these authors. However, the fifth 
peak is slower than the slowest peak observed 
by these authors. . 


Crystalline Northrop pepsin from porcine 
origin (Armour). Nine electrophoretic runs 
were done on this material at a concentration 
from 0.6 to 1.0% and over the range of pH 
from 3.7 to 6.8 in acetate and phosphate 
buffers. All electrophoretic patterns showed 
one single large peak with a negative mobility, 
which being calculated at pH 5.5 was —8.9 x 
10°°, and at pH 6.1 was from 10.6 to 11.6 x 
10° cm? volt sect... This wide variation in 
speed is unexplained but may be the result 
of using the crude preparation without further 
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Orystalline pepsin (Northrop) of porcine 


FIG. 5, 
origin run at pil 5.5, One single large peak is seen 
with mobility of -8.9 % 10°. 


purification. These mobilities are only slight- 
ly higher than those observed in similar 
preparations by Grossberg et al.(8). They 
are, however, definitely higher than the mo- 
bility of the glandular mucoprotein from hu- 
man sources. The electrophoretic pattern of 
porcine pepsin is shown in Fig. 5. 

Discussion, These electrophoretic data ap- 
pear to confirm the earlier inferences of Glass 
and Boyd that mucoproteose and glandular 
mucoprotein are two quite separate com- 
ponents of the gastric juice and that muco- 
protein is a relatively homogeneous substance, 
The various peaks of the mucoproteose frac- 
tion move more slowly than that of mucopro- 
tein. The very fast moving peak observed 
in the specimens of Wilson porcine mucin may 
correspond to human glandular mucoprotein 
while the granular hog mucin preparation 
which is mainly surface mucus was character- 
ized by a much slower peak which may cor- 
respond to human mucoproteose. 


The electrophoretic method cannot settle 
definitely the question as to whether or not 
glandular mucoprotein is a single chemical 
substance. Although the appearance of the 
peak on electrophoresis is fairly compatible 
with homogeneity, it is not possible to exclude 
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contamination of this component with other 
substances present in small concentrations, 
This is an important consideration since 
recent evidence indicates that glandular muco- 
protein is the main carrier of Castle’s in- 
trinsic factor or even may be identical with 
the latter(12). 

The failure to identify a peak of pepsin in 
human gastric juice is in keeping with the 
findings of Grossberg et al.(8) who also were 
unable to obtain a separate pepsin peak in 
their samples of canine gastric juice. Whether 
pepsin is adsorbed in one or more of the 
mucin fractions, or whether it is bound mainly 
to glandular mucoprotein, or has as yet an 
unidentified peak of its own is currently be- 
ing studied, as are the electrophoretic patterns 
of the whole human gastric juice(12). 


Summary. 1. Electrophoretic analysis was 
performed on 2 prepared constituents of dis- 
solved mucin from human gastric juice, i.e., 
glandular mucoprotein from gastric glands 
and dissolved mucoproteose from surface epi- 
thelium as separated by the technic of Glass 
and Boyd, The patterns obtained from hu- 
man sources were compared with those ob- 
tained on electrophoresis of crystalline porcine 
pepsin, commercially available hog mucin, and 
lyophilized and dialyzed canine gastric juice. 
The runs were done over a wide range of pH 
and various preparations of these materials 
were studied with the moving boundary tech- 
nic. 2. It was found that the electrophoretic 
pattern of mucoproteose with peaks of slow 
negative mobility was distinct from that of 
glandular mucoprotein which displayed a 
slightly asymmetrical single peak of fast nega- 
tive mobility. It seems reasonable to con- 
clude that these two substances, represent 
separate constituents of the gastric mucus. 
Their possible functions will be the subject of 
later study. 
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Histochemical Demonstration of Esterase Activity in the Normal Human 


Kidney and in Renal Carcinoma.* 


(19484) 


M. WACHSTEIN AND E. MEISEL. 
From the Department of Pathology, St. Catherine’s Hospital, Brooklyn, N. Y. 


With the method of Gomori(1) esterase 
activity could be demonstrated in paraffin 
sections of various animals(2,3) but not in 
the human kidney(2,4,5). Some irregular 
Staining is occasionally seen, however, in 
paraffin sections in which esterase activity is 
demonstrated by the technic of Nachlas and 
Seligman(6) using beta naphtyl acetate as 
substrate(7). It is the purpose of this com- 
munication to point out the fact that with 
both methods esterase activity can be regu- 
larly visualized in the normal human kidney 
as well as in some renal carcinomas if one 
works with frozen sections instead of paraffin 
sections. 

Method. The material used consisted of 
20 kidneys obtained at autopsy and 10 sur- 
gically removed specimens. The age of the 
subjects from which the kidneys had been 
obtained varied from a few hours to 70 years. 
Seven renal carcinomas were also studied. 
Frozen sections of unfixed tissues were cut at 
10 to 15 ». Frozen sections may also be pre- 
pared from tissues that have been fixed in 
acetone at 4°C for 24 hours or in 10% for- 
malin for 3 hours at room temperature. 
Esterase activity in these sections can then 
be demonstrated with either the technic of 
Gomori or the dye method of Nachlas and 


* This work was supported by a grant from the 
Damon Runyon Fund. 


Seligman. According to Gomori’s method sec- 
tions were incubated for 18 to 20 hours with 
Tween 40 as substrate. After developing the 
sites of enzymatic activity by treatment with 
diluted hydrogen sulphide, the sections were 
kept for several hours in 10% formalin ahd 
mounted in glycerogel. These preparations 
could be preserved for several months. Sec- 
tions stained with the dye method had to be 


studied rapidly since the color fades within a 


few minutes. All attempted modifications did 
not alter this disadvantageous condition. 


Results. The localization of esterase actiy- 
ity in frozen sections of human kidney not in- 
volved by disease with both methods was 
similar, although the dye method gave more 
uniform results. Within the cortex esterase 
activity was present in the cytoplasm of both 
the proximal and distal convoluted tubules 
(Fig. 1). Slight granular deposits were also 
noted in glomeruli but their significance ap- 
pears doubtful. Some tubules in the medulla 
also showed esterase activity. From their 
location and caliber they are presumed to be 
straight portions of the proximal convoluted 
tubules and ascending portions of Henle’s 
loop. The renal tumors studied were carci- 
nomas of the clear cell and papillary types. 
No esterase activity was demonstrable in par- 
affin sections. In frozen sections, however, 
neoplastic cells showed a varying degree of 
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PIG. 1. Kidney cortex of human. Fresh frozen section. Gomori’s method for esterase activity. 

Marked esterase activity is seen in the proximal and distal convoluted tubules. A glomerulus in 

the center is almost devoid of the lead sulphide deposits which indicate enzymatic activity. 
% 100. 
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FIG. 2. Renal carcinoma of papillary type. 


cytoplasmic activity (Fig. 2) in 5 of the 7 
carcinomas. Esterase activity was seen in 
paraffin sections of only a few of many exam- 
ined carcinomas by Gomori(2) and in several 
bronchus carcinomas by Menk and Hyer(8). 

Comment, ‘The recorded observations make 
it quite obvious that the process of dehydrat- 


- ing and embedding destroys most of the histo- 


chemically demonstrable esterase activity in 
the human kidney. The latter on chemical 
examination contains a lower average amount 
of esterase than the kidney of mouse, rat, 
guinea pig, rabbit, and dog(9). Since in par- 
affin sections, however, remnants of esterase 


Gomori’s method for 
S100, 


frozen section. 
esterase. Considerable esterase activity is seen in the cells composing the tumor. 


Fresh 


_activity can be demonstrated with beta 


naphtyl acetate as substrate, the azo dye 
method appears somewhat more sensitive than 
Gomori’s technic. It is thus apparent that an 
important source of error in the histochemical 
esterase technic is caused by the loss of en- 
zyme during the process of histological prep- 
aration. Some of the previously reported neg- 


‘ative findings and inconsistencies(5) using 


paraffin embedded material must be re-evalu- 
ated with frozen sections. Formalin fixation, 
especially for longer periods of time(10) 
should probably be avoided especially if only 
small amounts of esterase are present since it 
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also leads to considerable inactivation of the 
enzymes(11). Barnett and Seligman(12) 
have recently introduced 2 more substrates, 
Indoxyl acetate and Indoxyl butyrate, for the 
histochemical demonstration of tissue esterase 
which do not diffuse into lipoids as the azo 
dye will do in fresh frozen sections. These 
authors stressed the usefulness of the Coons 
modification(13) of the.  Linderstrém-Lang 
and Mogensen technic(14) for the preparation 
of thin frozen sections of various organs well 
suited for histochemical enzyme studies. 

Summary. Esterase activity in the human 
kidney is not visualized in paraffin sections of 
acetone fixed tissues with Gomori’s technic 
and only very irregularly with the azo dye 
method. It can be regularly demonstrated 
with both methods in fresh frozen sections. 
In 5 of 7 renal carcinomas esterase was found 
in the cytoplasm of tumor cells if fresh frozen 
sections were used but not in paraffin fixed 
material. 
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Glycolytic Enzymes and Phosphorylated Intermediates 
In Preosseous Cartilage.* 


(19485) 


Harry G. AtBAUM, ALTA HIRSHFELD, AND ALBERT EpWARD SOBEL. 


From the Biology Research Laboratory, Brooklyn College, and the Department of Biochemistry, 
The Jewish Hospital of Brooklyn, Brooklyn, N. Y. 


At present there is direct evidence for the 
existence of 4 components of the glycolytic 
cycle in preosseous cartilage, namely, glycogen 
(1,2), phosphorylase(3), lactic acid(4), and 
adenosine triphosphate(5). Additional evi- 
dence of the glycolytic system in preosseous 
cartilage comes from the use of glycolytic in- 
hibitors(6). These agents inhibit in vitro 
calcification(6,7), which is restored by phos- 
phorylated intermediates beyond the locus of 
action of the enzymes inhibited. The sugges- 
tion was made from these studies(3,7) that a 
glycolytic system is present in preosseous car- 


* This work was supported by grants from the 
Damon Runyon Foundation and the National Insti- 
tute of Dental Research, National Institutes of 
Health, U. S. Public Health Service. 


tilage. However, while the use of inhibitors 
is suggestive, it is not conclusive evidence, 
since the degree of specificity of the inhibitors 
is not well established (8). 

The purpose of this investigation, therefore, 
was to seek more direct evidence for the ex- 
istence of other components of the glycolytic 
system in preosseous cartilage. 

Procedure. Most of the enzymes to be de- 
scribed in cartilage have been demonstrated 
using the procedures of Racker(9). These de- 
pend upon the enzymatic oxidation of reduced 
diphosphopyridine (DPN) in the spectro- 
photometer. For this purpose, aqueous ex- 
tracts of rachitic bone cartilage were em- 
ployed. 250 to 400 mg of cartilage obtained 
from the metaphyses of the tibiae of rachitic 


2 


~ Wistar ratst was crushed and extracted three 
- times with 3 ml of cold distilled water. 


The 
extracts were combined and made up to 
10 ml. Phosphorylated intermediates in the 
glycolytic cycle were detected in the following 
way: rats were injected intraperitoneally with 
approximately 15 million counts of radioactive 
phosphorus as inorganic phosphate. They 
were sacrificed after approximately 24 hours. 
The tibiae were removed as before and ex- 
tracted, 3 times with cold 10% trichloracetic 
acid (TCA). These were spotted on What- 
man No. 1 filter paper and chromatographed 
by downward migration in an ethanol-acetic 
acid developer (80 ml ethanol, 0.8 ml acetic 
acid; mixture then brought to pH 3.5 with 
hydrochloric acid, after which distilled water 
is added to give a final volume of 100 ml) 
using a Chromatocab.§ At the end of a 15- 
hour interval, the chromatograms were re- 
moved, dried, and placed in contact with 
x-ray film for 48-72 hours. The position of 
the individual compounds which had become 
radioactive was indicated by film exposure. 
This procedure is esséntially that used by 
Benson et al., in studies on photosynthesis 
(10), and by Cohen e¢ al.(11). The spots 
were identified by chromatographing pure 
compounds under the same conditions and de- 
tecting these by chemical means.? 


Results and discussion. The first enzyme 
investigated was aldolase. Goldenberg and 
Sobel(12) obtained evidence for this enzyme 
by the colorimetric estimation of the 2,4- 
dinitrophenylhydrazine derivatives of the 
carbonyl groups liberated by the enzymatic 
degradation of hexosediphosphate (HDP) 


t The authors are indebted to Miss Mona Oser 
and to Dr. B. Oser,of Food Research Laboratories, 
Long Island City, for generously providing many 
of the rachitic rats used in these studies. We wish to 
thank Dr. Harry Goldenberg of the Department of 
Biochemistry, Jewish Hospital of Brooklyn for many 
helpful suggestions. — 


§ University Apparatus Co., Berkeley, Calif. 


¢ Pure phosphorylated compounds for use in en- 
zyme experiments as well as chromatographic runs 
were obtained from the Schwarz Laboratories, New 
York City, and the Ernst Bischoff Co., Ivoryton, 
Conn. Phosphopyruvate, as the silver salt was a 
- gift from Dr. Gerhardt Schmidt. 
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FIG. 1. Oxidation of reduced DPN by extracts of 
rat cartilage in presence of different substrates. 
Each cuvette contained .5 ml rat extract, .2 mJ .1M 
ammonium phosphate buffer pH 7.6, .1 ml .002 M 
reduced DPN, substrate, and water to 3 ml. 
Curve 1: No substrate ©; no substrate, .2 ml 
7X 10+ M ATP (dot in cirele). Curve 2: .1 ml 
.25 M glucose, .2 ml 7X 10* M ATP (solid right 
side circle). Curve 3: .1 ml .0058 M glucose-6- 
phosphate, .2 ml 7X 10% M ATP (solid top half 
circle); .1 ml .0058 M fructose-6-phosphate, .2 ml 
7X10* M ATP @. Curve 4: 2 ml 16x 10+ M 
HDP (solid bottom half circle). Curve 5: .2 ml 
.035 M pyruvate (solid left side circle). 


(13). Evidence for aldolase and 2-glycero- 
phosphate dehydrogenase was obtained by 
incubating the aqueous extract with HDP, 
reduced DPN, and ammonium phosphate 
buffer, pH 7.6, in the quartz cells placed 
in the spectrophotometer set at 3400 A. 
If HDP is split to dihydroxyacetone phos- 
phate and 3-phosphoglyceraldehyde, oxi- 
dation of reduced DPN can only occur 
via the conversion of dihydroxyacetone phos- 
phate to a-glycerophosphate. The results of 
a typical experiment are shown in Fig. 1 
(curves 1 and 4). There is a small decrease 
in density in the control cuvette (curve 1), 
which contains everything but HDP, and a 
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FIG. 2. Reduction of oxidized. DPN by extracts 


of rat cartilage in presence and absence of a- 

glycerophosphate. Each cuvette contained .5 ml 

rat extract; .1 ml 3 X 10+ M oxidized DPN; .2 ml 

-l1 M pyrophosphate buffer pH 8.8; .3 ml 30% a- 

glycerophosphate and water to 3 ml. Lower eurve, 
no substrate; upper curve with substrate. 


rather rapid change in the presence of the 
substrate. These results point to the presence 
of aldolase and q-glycerophosphate dehydro- 
genase. Direct evidence for the presence of 
a-glycerophosphate dehydrogenase was ob- 
tained by starting with q-glycerophosphate 
and measuring the reduction of oxidized DPN 


in the spectrophotometer. The results of such. 


an experiment are shown in Fig. 2. 


It is not possible to demonstrate triosephos- 
phate dehydrogenase in the presence of 
a-glycerophosphate dehydrogenase  spectro- 
photometrically. If cartilage contains triose- 
phosphate dehydrogenase, its presence can be 
detected in the following way: Using HDP 
as a source of 3-phosphoglyceraldehyde and 
oxidized DPN, the activity of the enzyme 
would lead to the formation of phosphogly- 
ceric acid and reduced DPN. By adding an 


excess of pyruvate and lactic dehydrogenase, 
lactic acid would accumulate and this could 
be measured directly, The results of such an 
experiment are shown in Table I. The forma- 
tion of lactic acid does not take place to any 
great extent in the absence of substrate, not 
in the presence of 0.0033 M iodoacetate. This 
first group of experiments has proven that al- 
dolase, a-glycerophosphate dehydrogenase, 
and triosephosphate dehydrogenase are pres- 
ent in extracts of cartilage. 


The presence of enolase in these extracts 
can be checked by using 2-phosphoglyceric 
acid as a substrate and reduced DPN. Re- 
sults of such an experiment are shown in Fig, 
3 along with the same system in the presence 
of fluoride. Phosphoglyceric acid in this case 
would be converted to phosphoenolpyruvic 
acid and then to pyruvic acid. Pyruvate in 
turn would be reduced to lactate, and reduced 
DPN oxidized, thus accounting for the change 
in density at 3400 A. More direct evidence 
of the presence of enolase may be obtained by 
measuring the formation of phosphoenolpyru- 
vate from 2-phosphopyruvate directly. This 
can be measured since the appearance of phos- 
phoenolpyruvie acid is accompanied by an 
increase in density at 2400 A (Fig. 4) (14). 
In the initial formulation of the enolase ex- 
periment described above, the assumption was 
made that a lactic dehydrogenase is present. 
This can also be proven directly by using 


TABLE I. 'Triosephosphate Dehydrogenase Activ- 


ity of Rat Cartilage. 


Test system contains: ml 
KHWCOxg (.4 M) 2 
HDP (.15 M) : 


1 
Na arsenate (.15 M) aul 
Na pyruvate (54M) aul 
Lactic dehydrogenase Fal 
(1 mg 50-70 fraction 
from rabbit muscle) 


Na F (1M) pul 
Cysteine (.09 M) =! 
Cartilage extract 5 
Water to L.7 


At end of 1 hr, add 1.5 ml 10% TCA; centri- 
fuge; 1 ml used for lactic acid determination, 


ug of lactic acid formed: 

(1). Complete system 55.6 

(2) Complete system in presence 27.9 
of .0083 M iodoacetate 

(3) Complete system without HDP = 24 
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_ pyruvate as a sole substrate in the presence 

_. of reduced DPN. That this enzyme is pres- 0.30 
ent is shown by the data in Fig. 1 (curve 5). 

We have thus far demonstrated several of 

the enzymes in glycolysis: aldolase, q-glycero- 

phosphate dehydrogenase, triose phosphate 


od 
dehydrogenase, enolase, and lactic dehydro- e 
genase. The question then arose as to the JF ozo 
presence of enzymes which convert glucose to - 
. * 
hexose diphosphate. Fructose-6-phosphate < 
and ATP, when added to tissue extracts, lead = A 
to the oxidation of reduced DPN. This means g 
that hexosediphosphate is formed and that a bd 
__ phosphohexokinase is present (Fig. 1). Phos- Z 01 
_ _ phohexoisomerase activity was demonstrated lu 
by the fact that glucose-6-phosphate in the ¥ 
___ presence of ATP leads to the oxidation of re- $ 
. 5) 
0 
| 7) 
O10 
° 9) (29) 
TIME IN MINUTES 
es =i FIG, 4. Enolase activity of extracts prepared from 
Po rat cartilage. Except where otherwise indicated, 
oO each cuvette contained 4A ml rat extract; .2 ml 
JS .030 .025 M phosphoglyceric acid; .2 ml] .1 M phosphate 
, id buffer pH 7.4; .02 ml 1 M MgSO,; w water to 3 mL 
Ee Lower curve no substrate; upper curve with sub- 
> Serbs strate. 
E | ; 
2 duced DPN (Fig. 1). Finally, hexokinase 
4.050 activity is indicated by the addition of glucose 
Fe and ATP as sole substrates and the subsequent 
= oxidation of reduced DPN (Fig. 1, curve 2). 
ei ne If cartilage possesses a glycolytic system, 
re one should also expect to find those of the 
W o70 phosphorylated intermediates which accumu- 
“as late to some extent. We have been able to 
demonstrate some of the intermediates, as 
080 
TABLE Il. Rf Values for Pure Compounds and 
Compounds Present in Trichloracetic Acid Fil- 
- - : trates of Epiphyseal Cartilage. 
° 1o 20 eee 
TIME IN MINUTES Rf for RE for 
FIG. 3. Oxidation of reduced DPN by extracts of Lanes — 
(% a To 
av oi ae af ph ‘ eat *! Compound compound extract 
and fluoride. Each cuvette contained, except where Hexose diphosphate a 163 (5) 
___ otherwise indicated, .5 ml rat extract; .2 ml 85% Phosphoglyceric acid 21 224 (5) 
— 10+ M ADP; 2 ml .016 M phosphoglyceric acid; Glucose-1-phosphate 30 299 (9) 
A ml .002 M ‘reduced DPN; .2ml.1M ammonium  Fructose-6-phosphate AN ADS f- 5 ) 
_ phosphate buffer pH 7.6; .3 ml 1 M sodium fiu- Inorganic orthophosphate AA A3B9 
oride; water to 3 ml. Curve 1: No fluoride, no Phosphopyruvic acid b2 614 Ris 


_. substrate @. Curve 2: With fluoride and Sats. ee 
a eee ©- Curve 3: No fluoride, with substrate Figures in parentheses indicate number of de- 
(solid right side circle). terminations used to obtain average value for Rf. 


shown in Table U, after injecting radioactive 
phosphorus and preparing TCA filtrates. 
Summary. 1. Most of the enzymes of gly- 
colysis present in muscle and yeast appear to 
be present in epiphyseal cartilage. 2. Several 
of the phosphorylated intermediates of the 
cycle have been identified using chromato- 
graphic procedure. 
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Studies on Relationship Between Human Serum Cholinesterase 
and Serum Albumin.* 


(19486) 


Mitron GyerHAuG LEVINE AND ANITA A, SURAN, 
From the Kabat-Kaiser Institute, Vallejo, Calzf. 


Of the two types of cholinesterase which 
have been described for the human, one, the 
specific or “true” cholinesterase, has received 
most of the emphasis in research because of its 
important role in the transmission of nerve 
impulses. The other, the cholinesterase of 
serum, the so-called “pseudo-cholinesterase”, 
has received less attention because its specific 
function as an enzyme, as yet, has not been 
defined. Our own investigations, however, 
have made use of the latter enzyme as an 
indicator of albumin metabolism. We have 
reported(1) a close correlation between human 
serum cholinesterase and serum albumin levels, 
confirming the earlier work of Faber(2). In 
a series of 294 patients with a variety of 
diseases, we were able to demonstrate in all 
cases but those with albuminuria, that the 
serum albumin and the serum cholinesterase 
levels paralleled each other in a statistically 
significant manner. 


* The albumin used in this study was provided by 
the National Blood Program of the American Red 
Cross. 


A number of possibilities exist to explain the 
correlative relationship between the serum 
albumin and the serum cholinesterase, some 


of which are: 1) Albumin could act as a 


precursor to serum cholinesterase, and an 
albumin deficiency could cause the cholinester- 
ase to decrease, as implied by Kunkel and 
Ward(3). 2) The decrease could be due 
primarily to a deficiency in protein intake, 
resulting in a general decrease of synthesis of 
all proteins both in serum and in the body 
organs. 3) The possibility exists that both 
the albumin and the serum cholinesterase are 
produced independently of each other, but by 
similar synthesizing mechanisms. 

Methods. Patients were given concentrated 
normal human serum albumin, intravenously, 
containing 25 -g of protein in 100 cc of 
neutral buffered diluent. Protein determina- 
tions were made by the biuret method of 
Weichselbaum(4) with two modifications: 
for the precipitation of globulins a solution of 
26.8% sodium sulfate was used rather than 
23% solution (giving lower albumin values 
than the customary Howe method which in- 
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FIG. 1. Initial albumin cholinesterase relationships im five patients without overt liver damage. 
Arrows indicate administration of 75 g, and V’s 25 g, of albumin. Cholinesterase x—x, albumin 
o—0. 


FIG. 2. The albumin cholinesterase relationship in two terminal cases. Arrows indicate admin- 
- istration of 75 g of albumin. Cholinesterase x—x, albumin o—o. 


1 with the albumin), and Vaughn(5). Serum cholinesterase activity 
: tometric readings of the protein- was determined by the Warburg technic as 

om complex, allowance was made for inter- previously described by us(6). Results are 
ference by jaundiced or lipemic sera accord- expressed as pL carbon dioxide at 0°C and 
~~ ing to the procedure described by Keyser and 760 mm mercury evolved in a 20-minute 
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PIG. 3. Patient F. R. The relationship between albumin and cholinesterase in a case of in- 


fectious hepatitis. 


Arrows indicate administration of 75 g albumin. 


Cholinesterase x—x-x, 


albumin 0-0-0. 


period from a buffered bicarbonate solution. 
All values are corrected for non-enzymic 
hydrolysis and serum dilution factors. Both 
protein and cholinesterase values are adjusted 
to initial hematocrit values as a base line to 
allow for blood volume changes during al- 
bumin administration. 

Results. Data are presented in graphic 
form showing serum albumin and serum cho- 
linesterase values and amounts of adminis- 
tered albumin for a group of patients over 
varying periods of time. These observations 
are representative of the general responses ob- 
served in a larger series of patients. 

Discussion. Of the possibilities suggested 
above to explain the correlation between the 
albumin and the serum cholinesterase levels, 
the first hypothesis, that albumin is a pre- 
cursor for serum cholinesterase, is contradic- 
ted by the fact that, in spite of generally 
elevated serum albumin levels following intra- 
venous administration of concentrated albu- 
min to patients with initially low serum albu- 
min values, there is neither a simultaneous 
nor a subsequent increase in the serum cho- 
linesterase (Fig. 1, 2, and 3). Following the 
administration of concentrated albumin, serum 


albumin values remain constant or are ele- 
vated depending on the relative rate of utiliza- 
tion of administered albumin by the given 
patient. In most of our cases the adminis- 
tration of the albumin was followed by a rise 
in serum albumin levels. Despite the ad- 
ministration of from 100 to 300 g of con- 
centrated albumin in these cases, there is a 
decrease in the serum cholinesterase level, 
which reaches a minimum on the fourth or 
fifth day following initiation of albumin ad- 
ministration. This decrease was also noted 
by Vorhaus(7), incidental to a study on cho- 
linesterase in liver and biliary disease. If 
albumin were a precursor to serum cholin- 
esterase, we would expect an increase in the 
cholinesterase values following the intravenous 
administration of the concentrated albumin; 
on the other hand, if the production of serum 
cholinesterase is independent of the amount 
of albumin present in the serum, we would 
expect no effect on the serum cholinesterase 
level following albumin administration. An 
explanation for the anomalous decrease in 
serum cholinesterase following albumin ad- 
ministration may be that administered serum 
albumin depressed the synthesizing systems 


which produce both the albumin and the 
serum cholinesterase. 

Possibilities 2 and 3 are not necessarily in- 
dependent of each other. There is every likeli- 
hood that a deficiency of general protein pre- 
cursors would necessarily restrict all protein 
synthesis, including albumin and serum cho- 
linesterase. The emphasis in this paper, there- 
fore, is on the third possibility, that albumin 
and serum cholinesterase are formed by the 
same or related synthesizing systems and 
there is good evidence that this synthesis 
occurs in the liver. The factors which in- 
fluence albumin synthesis in the liver, whether 
actual liver dysfunction or a general shortage 
of protein precursors, cause both the serum 
albumin and serum cholinesterase values to 
vary together. Our own experience with pa- 
tients with liver damage indicated that this 
enzyme is a valuable tool in the determination 
of the functional state of the liver. 

If it is kept in mind that serum albumin and 
this enzyme are formed independently, but 
that the level of the enzyme indicates the 
ability of the liver to synthesize albumin, it 
becomes possible to utilize serial determina- 
tions of the enzyme as an index of liver 
albumin synthesis in the presence of ad- 
ministered albumin. Normally, such intra- 
venously administered albumin would inter- 
fere with any determination of the ability of 
the liver to produce this protein by itself. In 
Patient A (Fig. 2) after intravenous adminis- 
tration of albumin, the albumin levels in the 
blood remain fairly constant, whereas serum 
cholinesterase continues to fall as liver failure 
progresses. Patient B (Fig. 2) is the only 
patient of the series presented here who shows 
an unusual initial relationship between the 
serum cholinesterase and albumin levels. This 
patient had a history of a long-standing neph- 
ritis and albuminuria, and illustrates the only 
condition in which a normal or high serum 
cholinesterase level is associated with a very 
low albumin level. It has been postulated 
that with albuminuria, the compensatory in- 
crease in albumin synthesis simultaneously 
increases the rate of production of serum 
cholinesterase(8). Following the adminis- 
tration of serum albumin, the initially high 
serum cholinesterase value fell. In both of 


HUMAN SERUM CHOLINESTERASE 


689 


these patients, the final low cholinesterase 
levels preceded death. In the case shown in 
Fig. 3, a patient with infectious hepatitis, the 
administration of albumin was indicated as a 
therapeutic procedure, but precluded the pos- 
sibility of using serum protein levels as a 
guide to improvement. In other liver function 
tests, such as the cephalin flocculation, the 
icterus index, and the BSP test, there was no 
indication as to the course of the disease until 
the patient was quite obviously improved 
clinically. The cholinesterase determinations, 
however, showed that at first severe liver dam- 
age was present and the gradual but sustained 
return of the enzyme level to the normal range 
preceded obvious clinical recovery. These 
observations suggest that serum cholinesterase 
determinations are of prognostic value in the 
study of liver disease and that they are 
especially valuable where the administration 
of albumin intravenously would preclude 
serial protein determinations, 

In summary, the cases presented in Fig. 
2 and 3 demonstrate that serum cholinesterase 
levels vary with changes in the clinical con- 
ditions of the patients, independent of changes 
in serum albumin level as occasioned by intra- 
venous serum albumin administration. This 
we take as evidence that serum albumin does 
not act as a precursor for serum cholinesterase. 
The initial unusual serum cholinesterase to 
albumin relationship in Fig. 2-B is common 
to cases of albuminuria. Further evidence 
that serum albumin is not a precursor for 
serum cholinesterase is presented in Fig. 1, 
where despite albumin administration, and 
following it, rather than an increase in serum 
cholinesterase levels, there is a depression. 

Conclusions. The previously observed (1,2) 
correlation of serum albumin and serum 
cholinesterase values is probably due to the 
simultaneous production of these two proteins 
by related synthesizing mechanisms in the 
liver. Albumin does not act as a precursor 
of serum cholinesterase. Changes in the level 
of this enzyme reflect the changing ability of 
the liver to produce both serum cholinesterase 
and serum albumin. It is suggested that 
serum cholinesterase determinations are of 
prognostic value in liver disease and that 
cholinesterase determinations may be used as 
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an indication of albumin synthesis, particu- 
larly in the presence of administered albumin. 
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The specificity of the adrenal ascorbic acid 
depletion test for pituitary adrenocortico- 
trophic hormone (ACTH) originally devised 
by Sayers ef @e/.(1) is generally accepted, and 
the method has been widely used in assaying 
this hormone. In a recent communication it 
has been reported that when rat ACTH is in- 
jected inte intact rats, large quantities are 
found in the kidneys(2). At the same time 
it cannot be detected in liver or urine(2). 
Absence from the liver could result from rapid 
hepatic inactivation. Its presence in the 
Kidneys might reflect the importance of these 
organs in removing the hormone from general 
circulation. In view of the rapid disappear- 
ance of ACTH from the circulation($) and 
the importance of the kidneys and liver in 
hormonal inactivation in general, it was felt 
that a study of the effect of these organs upon 
injected ACTH was warranted. This was 
tested by determining whether total nephrec- 
tomy or subtotal hepatectomy rendered a 
small quantity of ACTH, in itself sufficient 
to produce a moderate drop in adrenal as- 
corbic acid, more effective in this respect. 

Materials end methods. Rats of the Holtz- 
man strain were utilized in the present study. 
In a preliminary assay, designed to suggest a 
dosage meeting the requirements of the study 
to be made, a commercial ACTH powder 


* Supported in part by grants from (1) The Office 
of Naval Research, and (2) Heffmann-La Roche Inc. 


(Armour, standardized against LA-1A) was 
obtained and from it 4 solutions in physiologic 
saline containing 4, 2, 1, and 0.5 ag/ce re- 
spectively were prepared. Thirteen female 
rats hypophysectomized 24 hours previously 
were divided into 4 groups. The left adrenal 
was removed in each animal under nembutal 
anesthesia, weighed on a Roller-Smith bal- 
ance, placed in 6% trichloracetic acid, homog- 
enized and the ascorbic acid determined by the 
method of Roe and Kuether(4). Each of the 
4 concentrations of hormone was administered 
to a group of animals, each animal receiving 
0.5 ml/100 g of the solution to be assayed by 
tail vein injection. One hour later the animals 
were sacrificed and the right adrenals re- 
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TABLE I. Effect of Nephrectomy and of Subtotal 

Hepatectomy on Adrenal Ascorbic Acid Depletion 

in Hypophysectomized Rats Following Intravenous 
ACTH. 


Dose Ascorbic 

ACTH, acid de- 

Group No, rats pg/100g  pletion* 

Nepbrectomized 17 a) 2+ 11t 

Subtotally 16 fy 5T + 6 

hepatectomized 

Control 22 SB Si+ 8 

* Conc. in left adrenal minus conc. in right. 


1 Mean + stand. error. 


moved, weighed and analyzed for ascorbic 
acid. The results, summarized graphically in 
Fig. 1, compared favorably with other results 
reported for similar preparations(5,6), and 
a dosage of 0.5 »g/100 g was selected as ful- 
filling the requirements of producing a mod- 
erate ascorbic acid depletion of 77 mg. Fifty- 
five female rats were hypophysectomized and 
divided into 3 groups 24 hours postoper- 
atively. In Group 1, 17 animals were bi- 
laterally nephrectomized and then each re- 
ceived 0.5 pg ACTH in 0.25 ml physiologic 
saline per 100 g body weight by tail-vein in- 
jection. In Group 2, 16 animals each re- 
ceived ACTH in the same amount and man- 
ner, following subtotal hepatectomy (70% 
removed) by the method of Waelsch and 
Selye(7). Group 3, consisting of 22 animals, 
received the same hormone treatment without 
further surgical intervention, and thus served 
as controls. In each case the left adrenal was 
removed prior to hormone injection, and in 
the case of hepatectomized or nephrectomized 
animals at the time of operation, and the right 
adrenal extirpated one hour after the injec- 
5 a 

Results and conclusions. ‘The results are 
summarized in Table I. It is evident that the 
low dosage of hormone was not rendered more 
effective by removal of the kidneys. The 
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adrenal ascorbic acid-depletion was identical 
in animals with and those without kidneys. 
The inference to be drawn is that the kidneys 
are not preferentially endowed with the 
property of inactivating ACTH or withdraw- 
ing it from the circulation. Similarly the re- 
moval of 70% of the liver was without in- 
fluence on the ascorbic acid depletion pro- 
duced by the dosage of ACTH employed. The 
depletion was actually slightly less in sub- 
totally hepatectomized animals. Although 
the difference was not statistically significant 
it invites speculation as to whether total 
hepatectomy would have produced a more 
conclusive result. 


These experiments, utilizing porcine ACTH, 
indicate that neither renal nor hepatic tissue is 
endowed with a prepotent ability to inactivate 
ACTH or remove it from the circulation. 

Summary. Neither total nephrectomy nor 
subtotal hepatectomy have any effect on the 
moderate decline in adrenal ascorbic acid 
which results from the intravenous injection 
of 0.5 yg/100 g ACTH. It is concluded that 
ACTH is not preferentially inactivated or 
withdrawn from the circulation by either liver 
or kidneys. 
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Plasma ‘Thromboplastin Gomponent (PPC) Detigiency: A New Disease 


Resembling Hemophilia,” 
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Sehoot of Medicine, San franeiee, 


In current concepts of blood coagulation 
mechanism (t), thromboplastin is said to be 
liberated from fixed tissue sources through in 
jury, or from blood itself by interaction of 
a platelet factor and a single inactive plasma 
factor( 2a), The coagulation defect in heme 
philia is thought to be due to absence of the 
latter plasma factor, We obtained evidence 
from the study of the coagulation defeet of 
& patient, who had previously been thought 
to suffer fram hemophilia, of the presence of 
a second plasma factor which appears to be 
as important biologically as the antichemoes 
philic factor for the production of thrombe 
plastin in the blood, 

The patient, a Losvearold Caucasian male 
with no siblings, living or dead, had a negative 
family history of hemorrhagic diatheses, Clini 
eal and laboratory findings in infaney sug 
gested a diagnosis of thromboeyvtopenie pur: 
pura, and splenectomy was performed at the 
age of 2 years, Since then numerous tests 
of the platelet count and funetion, bleeding 
time and clot retraction and of the plasma 
Abrinogen and prothrombin and serum cal 
cium concentrations have been normal, and 
venous blood coagulation times have been 
markedly prolonged, Tt is not known whether 
venous blood coagulation time was prolonged 
prior to splenectomy, The pationt has been 
hospitalized over LOO times for major hemor: 
thagic episodes, including bleeding from lacer 
ations and hemorrhage into subcutaneous 


* This work wae aided by grants from the U.S 
Atomic nervy Commission administered by Ameri: 
cea National Red Cros and from the Adatwan 
Herndon Memorial Bund, and the Henev Sohuseter 
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tissues, muscles, joints, gastrointestinal tract, 


pharynx, and vetroperitoneal region, In all 
instances prolonged coagulation time was 
markedly shortened and the hemorrhage 


rapidly controlled by the transfusion of whole 
blood, fresh or frozen plasma, ov freshly 
Ivophilized plasma, The first suspicion that 
the patient did not have true hemophilia 
arose when the coagulation time was not sige 
nificantly shortened by potent preparations 
of anti-hemophitie globulin (Cohn’s fraction 
1), ‘The prolonged coagulation time ig ace 
companied by a markedly defective prothrome: 
bin utilivation(4,$), whieh can be corrected 
by addition of small quantities of normal 
plasma dm vive or dm vitre, Further studies 
have shown that the patient's blood contains 
normal amounts of all previously deseribed 
coagulation faetors(t), and that abnormal 
amounts of circulating anticoagulants ave not 
present(6), ‘These findings indicate that the 
coagulation defect in this patient is due te the 
absence from his plasma of a previously une 
deseribed coagulation factor, The fact that 
the defect ean be completely corrected with 
acceleratorefree tissue thromboplastin elinin: 
ates the possibility of a defleieney in) pros 
thrombin or prothrombin conversion accelerate 
ors and indicates that the missing factor is 
concerned with the production of thrombos 
plastin, Accordingly, we have named it the 
plasma thromboplastin component (PTC), 
Studies condueted in our laboratory show 
that PPC can be adsorbed by BaSOQy from 
oxdlated plasma, as ave prothrombin? 7) and 
serum prothrombin conversion aecelerator 
(sped) (7,8). Th ean also be adsorbed by all 
of previously deseribed prothrombin adsorb. 
ants(2) and by Seite Altration(®), Tt ean be 
concentrated relatively tree of all previously 
described coagulation factors as follows: 
Carefully drawn blood is oxalated and centr 
fuged to remove platelets, using Conley's 
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TABLE I, Eifect of Varioua Blood Mractiona on Patient's Congulation Mine and Prouiomhin 
Utilisation, 


Conpulition  Nosidial seni 


Coagulation Fraction added (,1 «a added Himeotmbs  prathvombiny! 
time,* min to 2 ee pationt's blood) ture, min Hi, 
Weative fractloans 

60 Normal plasma 18 p 

120 Supernatant trom 20000 vpn, plasma Cl?) 1 WA 

Ud Tomophitic plasma 10) iu 

60 Berkefold filtered normal plasma 1s i 

60 Typoprothrombinemie plasma trom dewnaval wy \l) 

treated pationt 

85 Plasma heated al 66°O 6 min wy) Au) 

a6 Normal serum Chhrombin tvee) 1 16 

a6 Normal serum howtod at 66°C 1) min 1 0) 

G0 Huglobuatin ()) fy At) 

60 12mg accelevatoy free Usane thromboplastin | y wv) 

Non-effeative fractions 

70 BasOy treated normal plasma al nu) 

70 Seitw-tiltorod ploama i) Nf 

70 Pationt’s plasma v0 ry 

70 Citrate eluate from patient's plasma 70 1d) 

60 104% to 4% ATG (Oohn's traction 1) HU (1) 


* wo eo venous blood in 12 7h nim glass test tubes at B7°C 


} Modified Ware and Seegers (11), 
(Patient's plasma prothrombin is 100%, ) 

t Supplied by Chileott (CH-61), 
technic(10), The “platelet-free” plasma is 
then heated to 56°C for 5 minutes and the 
coagulated fibrinogen is removed by centri- 
fugation, The supernatant plasma contains 
most of the original PTC and anti-hemophilic 
globulin (AHG)(9) and only traces of pro» 
thrombin(11), spea(12,8), Factor V(15), and 
labile factor(12). The PTC fraction is sepac 
rated from the AHG by adsorbing it on 
BaSO,, from which it is eluted with 5.8% 
sodium citrate! The citrate eluate is then 
dialyzed against 0,9% NaCl, ‘The final prod: 
uct is free of thrombin, It can be lyophylized 
without loss of potency, Analysis of one of 


the products showed that the amount of pro- 


tein obtained from 1 ml of plasma was equiva 
lent to 8.1 pe of tyrosine(l4), The P7'C 
content of various plasma or serum fractions 
can be assayed against the patient's blood in 
a manner similar to that reported by Graham 
et al.($) for AHG, using a '2-stage’’ pro- 
thrombin utilization test, The patient's PC 


fraction when so assayed is inert, while that 


obtained from normal, hemophilic, platelet- 


{This method of adsorption and elution is similar 
to Alexander’s method(7) for the preparation of 
prothrombin, except that we start with “platelet 


: free” ‘heated plasma, 


Berum citvated 1 hv ather above COULD Fie ababed 


dehelent, ov dicumarolized hypoprothronbine 
mic plasma is signiheantly aetive (Pable ), 


PLC coneentvate is now under study, using 
PPC-free “puriiied’ coagulation factors ina 
system similar to that deseribed ty Me 


Claughry and Seegers(15), PPC is 
clited with the plasma euglobuling obtained 
either by dilution and seidifieation of plasma 
(9) or by 50% saturation of plasma with 
(Ny )e8O (10), Only traees remain in the 
other plasma fractions,» Lt is most stable in 
the neutral ranges, being least stable at pi 
11,0, Unlike ATLG, YPC remains in the serum 
even alter prothrombin, thrombin, and spea 
have heen removed by heating at §0°C) fos 
5 minutes, 

PTC is not a platelet factor, ALHLG, or “com 
plete” thromboplastin, such as that derived 
from fixed tissue sources, since it will nol cor 
rect the defeet(A) present in “platelet-tree’ 
normal plasma or in platelet-rich hemophili 
plasma, It does not appear to be the plasmw 


HASL) 


§ Subsequent work has yveyealed that VPC is 
precipitated by 80%, hut not hy 40%, ON, ) p80, 
saturation, ‘This further excludes the antihene 
philie factor whieh is associated with the proteins 
precipitated between 0% and 44% ONIN) ghOy wat 
wration(1o), 
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thromboplastin reported by Chargaff and West 
(17), since the supernatant from plasma 
centrifuged at 20000 r.p.m. for 150 minutes 
completely corrects the patient’s defect. PTC 
also is not to be confused with TPC(18), 
which is Shinowara’s term for anti-hemophilic 
globulin(19), As suggested by Koller(20), 
the prothrombin conversion factor of Owen 
and Bollmann, the prothrombin accelerator 
of MacMillan, the co-thromboplastin of Mann 
and Hurn, factor VIL of Koller, Owren’s pro- 
convertin, and spca are probably the same. 
Since these factors can be adsorbed by BaSQ, 
and eluted with sodium citrate, it would also 
seem probable that they contain PTC. A 
study of this possibility is now in progress. 
The fact that preparations of PTC do not 
accelerate a one-stage prothrombin determina- 
tion, as do the above factors, indicates that 
our preparation of PTC is free of these factors. 

PTC deficiency resembles hemophilia both 
clinically and in the results of the usual 
laboratory investigations, It can be dis- 
tinguished from hemophilia by the following 
features: 1) the coagulation defect of PTC 
deficiency cannot be corrected by anti-hemo- 
philic globulin (Cohn’s fraction I), Seitz- 
filtered plasma, or BaSQO,-adsorbed plasma; 
2) it can be corrected by normal serum, as 
well as plasma, and by the citrate eluate of 
BaSQ,-adsorbed plasma or serum; 3) hemo- 
philic and PTC-factor deficient bloods correct 
each other's coagulation defects. 

It has been reported that blood from some 
cases of “hemophilia” is capable of correcting 
the coagulation defect in other cases of hemo- 
philia in vitro(21). This has not been our 
experience, and it appears more likely to us 
that such results may be due to mixtures of 
blood from patients with PTC deficiency and 
true hemophilia. It is not known whether 
PTC deficiency is hereditary, and, if heredi- 
tary, whether it follows the genetic pattern 
of hemophilia. 

Summary, 1, A severe hemorrhagic disease, 
characterized by a prolonged whole blood 
coagulation time due to the delayed formation 
of thrombin, has been described. The pa- 
tient with this disease was found to have 
normal plasma concentrations of all the previ- 
ously described coagulation factors. 2. The 
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corrective factor in normal plasma or serum 
can be removed by barium sulfate adsorption. 
A method for the partial purification and 
concentration of the patient’s missing factor 
has been outlined. The defect in the patient's 
blood may be corrected by the addition of 
plasma free of previously described thrombo- 
plastin components (e.g. platelet-free hemo- 
philic plasma), as well as by small amounts of 
tissue thromboplastin. The name plasma 
thromboplastin component (PTC) has been 
assigned to this previously undescribed coagu- 
lation factor. 
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Previous communications from this labora- 
tory(1-4) have dealt with the functional and 
morphological aspects of the adrenal cortex 
of the pantothenic acid-deficient animal. The 
results of these studies have been interpreted 
as indicative of an adrenal insufficiency in 
these animals, a conclusion which in certain 
respects supports the findings of other work- 
ers(5,6). In a review of the problem, Cow- 
gill et al.(3) discussed certain of the theo- 
retical aspects of the role of this vitamin in 
adrenal metabolism. One of the possibilities 
entertained was that coenzyme A (the func- 
tional form of pantothenic acid in metabolism ) 
participates in the utilization of acetate in the 
synthesis of cholesterol, which is recognized as 
the parent compound of the adrenal corticoids 
(7,8). It was thus decided to measure the 
Jevel of cholesterol in the adrenals of such 
animals. Serum cholesterol and total ex- 
tractable liver lipids were also determined. 


Methods. The animals, diets and conditions 
were the same as described previously(1). 
The deficient animals as here referred to 
indicate those that are placed on the panto- 
thenic acid deficient diet at weaning and al- 
lowed to subsist thereon for a period of 5-6 
weeks. The theoretical advantages of using 
an animal of this age have been discussed 
previously(3). The food intake of control 
rats (with pantothenic acid) was restricted to 
approximately that of the deficient animals. 
Total cholesterol was determined on the 
adrenals and on,serum (from tail blood) by 
the Sperry-Schoenheimer method(9). Total 
extractable lipids on the livers were de- 
termined by the A.O.A.C. method(10). Since 
the adrenal cholesterol is known to change 
in response to “alarming stimuli’(7), animals 
for adrenal cholesterol determinations were in 


* This investigation was supported by Grants-in- 
Aid from the James Hudson Brown Memorial Fund 
of the Yale University School of Medicine and from 
_ the National Vitamin Foundation. 


TABLE TI, Cholesterol Levels of Adrenal Glands 
and of Serum of Pantothenic Acid-Deficient and 
Control Rata. 


No. r———T otal cholestero]-———, 
Group animals Serum,mg % Adrenal, g % 
Control 7 92 + 4 4.09 + 1] 
104 pt 9 


Deficient 10 1,36 + ,2] 


~ — | 
All data expressed as mean with S.J. 
Differences between the 2 groups with respect to 
adrenal cholesterol are statistically significant (p =: 
<.01). Differences between the levels of serum 
cholesterol] are not statistically significant (p= 


se aa)'s 


the “resting state’—.c. care was taken to 
avoid stressing either group prior to sacrificing 
them for adrenal cholesterol analysis. 
Results. Data for the total adrenal choles- 
terol of 10 deficient and 7 pair-fed controls 
are shown in Table I. These data show that 
the deficient animals exhibit a marked de- 
pression of adrenal cholesterol, while the con- 
trol animals are within the accepted range of 
normal. These findings support our previous 
demonstration of a lowered adrenal cholesterol 
by histochemical technics(4). The serum 
cholesterols of the two groups (Table I), 
however, do not differ appreciably. Earlier, 
Scudi and Hamlin(11) had reported that the 
serum cholesterol of the pantothenic acid de- 
ficient dog was reduced. ‘This finding, how- 
ever, is in all probability related to the “fatty 
liver” which develops in this species on a 
pantothenate deficient regimen(11,12), Inani- 
tion is also of common occurrence in such 
animals and this factor undoubtedly exerted 
some effect on the blood cholesterol. In the 
rat, under the circumstances of the present 
experiment, inanition(1) was not a serious 
problem and no significant differences in total 
liver lipids was noted between the deficient 
and control rats. All total lipid liver values 
were in the normal range of 3-5%, 
Discussion. he finding of lowered adrenal 
cholesterol levels in rats deficient in panto- 
thenic acid may be the result of either: a) 
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reduction in synthesis or b) increase in utili- 
zation of this steroid. In normal animals, such 
a finding is usually indicative of recent adrenal 
cortical stimulation(7). However, in the face 
of previous evidence pointing to the presence 
of an adrenal insufficiency of the C-11 oxy- 
steroid hormone in the pantothenate deficient 
rat(1-4,5,6) it is reasonable to suggest that 
in these animals the reductions are due to de- 
creased synthesis. In view of recent work 
indicating that coenzyme A plays a prominent 
role in acetate metabolism and the finding that 
acetate can be converted to cholesterol by 
the isolated adrenal gland(13,14) as well as 
to the complete hormone(15), this is an 
especially interesting theory. 

Conn ef al.(16) have adduced indirect evi- 
dence that the adrenal cholesterol may arise 
in part from the serum cholesterol. This 
finding is interesting in view of the results 
here presented in which the levels of serum 
cholesterol are not appreciably reduced. At 
present, we cannot interpret these conflicting 
results. 

Summary. The 5-6-week pantothenic acid 
deficient rat shows a marked reduction in the 
total cholesterol content of the adrenal glands 
in the “resting state”. The serum cholesterols, 
however, were normal. These animals do not 
develop fatty livers. It is suggested that in 
view of previous functional studies on the 
adrenal cortices of such animals, that the 
reduction in the cholesterol content of the 
adrenal glands may represent a decreased 
synthesis rather than an increased utilization 
of this steroid for further conversion to 
hormone. It may be that coenzyme A, the 
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functional form of pantothenic acid in me- 
tabolism is a necessary part of the enzymatic 
complement of the adrenal cortex which syn- 
thesizes cholesterol. 
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It has been reported previously that cer- 
tain neurotropic viruses possess an oncolytic 
property for transplantable mouse tumors, 
and that each of these viruses has its own 
tumor spectrum, i.e. it will destroy or inhibit 
certain mouse tumors, multiply without dam- 
age to the cancer in others, and fail to sur- 
vive in a few(1). On the basis of these ani- 
mal experiments, preliminary work has been 
done on the treatment of human patients with 
a variety of exotic viruses(2). Unfortunately, 
no method has existed for determining prior 
to use on a human patient, whether the virus 
employed has any oncolytic ability for the 
specific human tumor against which it is to be 
directed. The recent finding, however, that 
human tumors as well as normal tissues could 
be grown in x-irradiated heterologous hosts 
(3) especially in the rat, which, in contrast to 
mice, is immune to most of the viruses used, 
has made available what is hoped will be such 
a screening tool. Report will hereby be made 
of a human tumor against which Egypt 101 
virus showed oncolytic ability both in x-ir- 
radiated rats and in tissue culture. Even 
though it has not been possible, to date, to 
test the virus in the original tumor donor, 
since he has not shown recurrence of his 
disease after operation, it is felt that both the 
method and the oncolysis are noteworthy. 


Materials and methods. The tumor used, 
obtained immediately after surgical removal, 
-was a metastatic epidermoid carcinoma from 
the jaw of a 75-year-old male, “C.K.”, who 
had had a primary carcinoma of the lip re- 
‘moved 18 months previously. As soon as 


* We wish to acknowledge support by fonds from 
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Oncolytic Effect of Egypt Virus on a Human Epidermoid Carcinoma 
Grown in X-Irradiated Rats.”! 


(19490) 


HELENE WALLACE TOOLAN AND Aticr EK, Moore. 


From Sloan-Kettering Institute for Cancer Research, New York City, 


received, the tumor, handled with aseptic 
technic, was minced fine enough with scalpels 
so that it would pass through a No. 18 needle 
when suspended in a buffered Ringer’s solu- 
tion. 0.5 ce of this suspension was implanted 
subcutaneously in each flank of 16 weanling 
female rats (Carworth Farms) that had re- 
ceived 2 total body doses of x-irradiation, 
150 r each, on consecutive days, 3 days prior 
to the implantation. Seven days after im- 
plantation, microscopic examination of the 
tumors of one of the rats showed “healthy”, 
well vascularized growths, full of mitotic 
figures. As previous experiences had indicated 
that the human tumors either grew or failed 
uniformly in all the animals implanted, it was 
presumed that the “K” tumor was suitable 
for virus study. Accordingly 9 days after 
implantation 9 of the 15 remaining animals 
were injected directly into one tumor only 
with 0.1 cc of Egypt 101% virus as a 40% 
stock mouse brain emulsion, an inoculum 
which subsequently titered 107 intracerebrally 
in mice. This virus was chosen because it 
had been used clinically with no ill effects on 
patients and because prior tests had also 
shown that the rat whether normal or irradi- 
ated was insusceptible to it. One virus treated 
animal was killed daily, following inoculation, 
for 7 days (except that 3 were killed the 1st 
day). A cross section of each tumor was 
taken for histological examination and the 
remaining tumor after grinding, was made up 
to a 10% suspension in horse serum saline 
and titered for virus, intracerebrally, in mice. 
Control animals were killed on the Ist, 3rd, 
5th (3 rats) and 7th days after the inocula- 
tion. Tumor material obtained from the 3 con- 
trol rats killed 14 days after implantation was 
used in several ways: it was transferred suc- 
cessfully to a 2nd generation of x-irradiated 


} Obtained through the courtesy of Dr. John 
Paul of Yale University; it is immunologically iden- 
tical with West Nile virus. 
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FIG. 1. Metastatic piderm 5 
xX 120. 


FIG. 2. Same ‘‘K’’ tumor after 11 days in an x-irradiated rat; virus injected 2 days pre- 


viously. X 120. 


FIG. 3. ‘‘K’’ tumor after 13 days in an x-irradiated rat; virus injected 4 days previously. 


Note degenerating cells (arrow). X 200. ; 


PIG. 4. ‘‘K’’ tumor after 15 days in an x-irradiated rat; virus injected 6 days previously. 


xX 120. 


; original tumor. 


rats in which it grew well; it was grown on the 
chorioallantoic membrane of the chick where 
it exhibited a high degree of mitotic activity: 
and it was placed in roller tube tissue culture, 
using a horse serum-placental extract-Gey’s 
solution mixture as nutrient. Each of the 
16 plantings (2 to a cover slip) in the tissue 
culture showed good and remarkably uniform 
outgrowth of tumor 7 days after planting. On 
this day in order to test the effect of the virus 
on the tumor cells iz vitro culture, as well as 
in the rat, the 8 cover slips with growing 
tumor were placed, 2 each, in 4 tubes. In 2 
of the tubes the feeding material was mixed 
with the same Egypt 101 stock mouse brain 
emulsion used in the rats, in such manner that 
the final*titer of virus in the tubes was 10°. 
To the feeding mixture in the 2 control tubes, 
normal mouse brain emulsion was added in 
amount equal to that in the virus treated 
tubes. The final volume of fluid material 
present in each tube was 1 cc. For the first 
3 days, 0.1 cc was removed daily from each 
of the 2 tubes containing virus, the material 
pooled and titered in mice. A similar amount 
was withdrawn from the control tubes. Re- 
placement was made of any amount removed 


FIG. 5. Control ‘‘K’? tumor grown 14 days in x 


a 


-irradiated rat. xX 80. 


by an equal quantity of ordinary tissue culture 
feeding solution. After the first 3 days, i.e. 
on the 4th, 7th, 9th and 10th days, 0.2 cc 
was taken from each tube and separate titra- 
tions done. Ten days after the original addi- 
tion of virus (17 days after planting) all 
the cover slips were fixed and stained for 
microscopic examination. By this time it was 
estimated that all the original fluid in the 
tubes had been replaced by fresh extract. 
Observations and discussion. All the tumors 
grown in untreated control rats were found to 
be in excellent condition, identical morpho- 
logically to the original carcinoma (Fig. 1), 
well vascularized and full of mitotic figures. 
Those removed on the 14th day after implanta- 
tion (3 rats) were especially large, solid and 
free from necrosis (Fig. 5). The tumors re- 
moved from treated rats (4 animals) in the 
first 2 days after injection with virus were 
also growing well (Fig. 2); while those re- 
moved on the 3rd, 5th and 6th days were 
entirely dead (Fig. 4) and those of the 4th 
day degenerating (Fig. 3). The tumors of 
the 7th day had a peculiar appearance in that 
large central areas of the tumor were dead but 
foci about these regions remained alive. It 
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FIG. 6 and 7. Two control tissue cultures of ‘(K?? tumor, first grown 14 days in an x- 
irradiated rat (Fig. 5) and then 17 days in tissue culture. % 80, 

FIG. 8 and 9. Two virus treated tissue cultures of ‘K?? tumor, same age (17 days) and 
from same rat as controls (Wig. 5 and 6); Egypt 101 virus added 10 days previously after the 
tissue cultures had grown 7 days normally. Tumor cells have retracted toward original planting 
(arrows ‘‘A’’) or lysed (arrow ‘‘B’’), > 80, 
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TABLE I, Titer of Mpypt 101 Virus in Tissue 


Cultures of 4K ?? Tumor,” 


———— Virus titerst ———-. 


Day after virus Tubes 1 & 2 


added to cultures Tube 1 (pooled) Tube 8 
a Lbs 
2 1 () 5,60 
8 10 6,26 
4 1075.4 10 bah 
7 10-44 1Q>8,r0 
9 10-# "6 Lon 
10 10-5 LOFe 


“Original titer of virus in tissue culture = 10”, 
Virus added to cultures, 7 days after planting, 

+ Titers determined by intracerebral inoeulation 
of test fluid into Swiss albino mice, See text. 


should be noted that though the virus had 
been injected into the tumor of one flank 
only, both tumors of any one animal were 
comparable. (The injected tumors were found 
to titer, in mice, approximately 10°” except 
that the 5th and 6th days were 10°' and the 
7th 10%, The uninjected tumors had no 
titer for the first 2 days, 10°' on the 3rd and 
6th days, and 10% on the 4th and 7th days.) 

Microscopic examination of the tissue cul- 
tures of “K” tumor showed an even more 
striking contrast between the control and 
virus treated tumors. Each of the 8 explants 
in the control tubes was still in luxuriant con- 
dition (Fig. 6 and 7) 17 days after planting, 
while every one of the 8 treated explants 
showed complete lysis of the tumor cells or 
retraction toward the original site of out- 
growth (Fig. 8 and 9). (Since the human 
carcinoma possessed very little rat stroma 
at the time of planting and had been almost 
“pure” tumor (Fig. 5) very few normal rat 
cells had grown out. It is noteworthy that 
the few fibroblasts and macrophages present 
appeared undamaged even in the virus treated 
tubes.) The virus titrations of the tissue 
culture fluid (Table 1) showed that con- 
siderable multiplication of virus occurred, By 
the 10th day all the original volume of virus 
containing feeding fluid had been replaced 
by ordinary nutrient, yet the titers remained 
very high. It would have been interesting 
to see how long these titers would have per- 
sisted after complete lysis of the tumor cells. 
It is possible that the normal rat cells present 
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accounted for some of the titer, yet they were 


so few in number that the amount must have 
been very small indeed. 

It thus seems apparent that Egypt 101 
possessed oncolytic activity against the epi- 
dermoid carcinoma of “C.K.” whether grown 
in vivo in a complex host such as a rat, or 
in vitro in tissue culture. ‘The final test, of 
course, would be to treat “C.K.” with Egypt 
virus if he has a recurrence of his tumor. 

It is hoped that this method of testing the 
oncolytic activity of a virus against any par- 
ticular tumor will be of considerable practical 
value and give a more rational approach to 
therapy with oncolytic viruses. ‘The work 
with viruses on transplantable mouse tumors 
has indicated a very specific tumor spectrum 
for the oncolytic activity of each virus 
used, Unpublished data of ours indicates 
that this finding will hold true for the human 
tumors as well since it has been found that 
in 2 cases (a recurrent mixed tumor of the 
parotid and a metastatic squamous carcino- 
ma), Egypt LOL reproduced in the tumors 
grown in rats but caused no apparent damage. 
These tumors were transferred after 14 days 
into 2nd generations of x-irradiated rats and 
still had titrable virus (10%) when the 2nd 
groups of animals were killed (28 days after 
surgical remoyal). 

Since Moore(4) has indicated that the 
oncolytic activity of a virus can be increased 
by passage in mouse tumors it is also possible 
that a similar procedure and result can be 
carried out by continued virus passage in 
human tumors borne by the x-irradiated rats, 
Work is now under way to test this. 

Summary, 1. Egypt 101 virus was found 
to possess oncolytic activity against a human 
epidermoid carcinoma grown either in x- 
irradiated rats or in tissue culture, 2. It is 
suggested that this rat-tissue culture method 
of testing the oncolytic activity of a virus for 
any particular tumor may be employed in 
estimating the possible value of virus therapy 
for each individual patient, 
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Failure of Rutin and Related Flavonoids to Influence Mortality Following 


Acute Whole Body X-Irradiation.* 


(19491) 


Maxwett Davert AND J. M. Coon. 


From the U, 


S. Air Force Radiation Laboratory and the Department ef Pharmacelogy, 


University of Chicago. 


The flavonoids were the first compounds 
reported to reduce the mortality in animals 
following whole body x-irradiation. The ra- 
tionale for the use of the flavonoids in the 
attempt to prevent or treat radiation injury 
has been based upon the claim that these 
compounds reduce the hemorrhage resulting 
from increased capillary fragility(1). Rekers 
and Field(2) observed a reduced hemorrhagic 
tendency and obtained improved survival 
rates among irradiated dogs pretreated with 
rutin or other flavonoids. Clark, Uncapher, 
and Jordon(3) obtained increased survival of 
guinea pigs treated with calcium flavonate. 
Sokoloff, Redd, and Dutcher(4) found that 
CVP, a citrus “vitamin P” compound, sig- 
nificantly reduced the mortality of rats ex- 
posed to 800 r of x-radiation. Opposed to 
these findings are the negative results of other 
workers. Kaplan(5) and Cronkite e¢ a/.(6) 
used rutin in mice, and Kohn and coworkers 
(7), and Patt and his associates(8) used rutin 
in rats without observing any effect on radia- 
tion mortality. Similarly CVP had no bene- 
ficial effect in mice(9), and rutin and _hes- 
peridin failed to influence the mortality or 
hemorrhagic changes in irradiated young 
chicks(10), 

In view of the conflicting reports regarding 
the value of the flavonoids in reducing the 


* This investigation was carried out at the Uni- 
versity of Chicago Toxicity Laboratory under a con- 
tract with the U. S, Atomic Energy Commission. 

t Present address: Lt. Col. MSC, Medical Research 
and Development Board, Office of the Surgeon 
General, U. S. Army, Washington, D. C. 


mortality of animals exposed to acute whole 
body x-radiation, the present investigation 
was undertaken in order to explore further 
the possible usefulness of these compounds, 
Materials and methods. The flavonoids 
used include: rutin in pure form, rutin in de- 
ionized form, rutin solubilized with piperazine 
hexahydrate, quercitrin, quercetin, hesperidin, 
dihydroquercetin, naringen, calcium flavonate, 
hesperidin methyl chalcone, xanthorhamnin, 
hemoeriodictyol, morin (de-ionized), citrus 
vit. P (CVP), and lemon juice infusion (LPI). 
CVP is reported(9) to contain 4% of a quer- 
citrin-like substance, 15% eriodictin, 80% 
hesperidin-glucose, and 0.38% calcium phos- 
phorus ash. Lemon peel infusion contains 
eriodictyol glycoside, hesperidin, perhaps 
other flavonone glycosides, i-inositol, some 
fractions of the vit. B complex, and some 
natural soluble carbohydrates. A total of 
1132 CF, female mice and 232 female 
Sprague-Dawley rats were used. The mice 
were 7 to 9 weeks in age and weighed 18 to 
24 g prior to irradiation. The rats were 10 
to 18 weeks old and weighed 116 to 246 g at 
the time they were started on the flavonoid 
treatment. In addition, 70 female guinea pigs 
with a weight range of 205 to 400 ¢ were in- 
cluded in the studies. The mice and rats were 
fed Wayne Dog Blox. The guinea pigs were 
given Purina Rabbit Chow Meal supple- 
mented daily by fresh cabbage and timothy 
hay. Animal weights, deaths, and food and 
drinking water consumed, if containing a 
flavonoid, were recorded daily. In all tests 
the administration of the compounds was con- 
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_ tinued post-irradiation until there were no 


survivors or until the 30th day post-irradia- 


tion. 


Rutin was solubilized by the addition of an 
aqueous solution of piperazine hexahydrate to 
a suspension of rutin in water. To solubilize 
25 mg of rutin in 1 ml of water, 20 mg of 
piperazine were required. The pH of the re- 
sulting solution was 9.1-9.3. Clark and Mac- 
Kay(11) have reported that in the body rutin 
splits off from the piperazine hexahydrate. 
The other insoluble flavonoids were dissolved 
in propylene glycol, while the soluble flavo- 
noids were dissolved in water. An x-ray unit 
operated at 250 kvp and 15 ma was used for 
all exposures. Inherent filtration of the tube 
was 0.25 mm Cu, and a filter of 0.25 mm Cu 
+ 1.0 mm Al was added. The radiation in- 
tensity was measured with a Victoreen con- 
denser r-meter corrected for temperature and 
pressure. For the mice the target distance 
was 60 cm and the dose rate 48-50 r/min.; 


_ for the rats and guinea pigs the distance was 


75 cm and the dose rate 31-36 r/min. The 
animals were exposed to a revolving cage di- 
vided into concentrically arranged compart- 
ments. Each flavonoid-treated group of ani- 
mals, except where specified, was irradiated 
simultaneously with an equal number of un- 
treated control animals. The effect of each 
treatment itself was tested in groups of un- 
irradiated animals, with normal (untreated 
and unirradiated) animals serving 2s controls. 

Results. Table I shows the schedule of 
flavonoid treatment and the x-ray doses re- 
ceived by each group of animals, along with 


' the 30-day mortality results obtained. 


Rutin administered by various methods in 
mice. As demonstrated by the data in the 
table the 30-day mortality among irradiated 
mice was not diminished by treatment with 
rutin given by intraperitoneal injection, by 
single daily administration by stomach tube, 
or by incorporating it in the drinking water 
or in the food. Furthermore, no significant 


_ difference was noted between the treated and 


untreated animals with respect to weight loss 
or time of death after irradiation. Of these 


_ rutin treatments the only one which adversely 


affected the control unirradiated mice was the 


. 5% rutin diet. This caused a 4.3% weight 
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foss of 12 mice which consumed it for 7 days. 


For this reason the group of mice receiving 


this diet before being irradiated was placed 
on the 2.5% rutin diet following irradiation. 


Other flavonoids orally or in diet of mice. 
To determine whether other flavonoids might 
provide some protection different compounds 
were given orally or in the diet according to 
the schedules outlined in the table. All the 
mice thus treated appeared healthy and active 
and maintained a body weight equal to that of 
the untreated controls. In these tests none 
of the flavonoids exerted any favorable in- 
fluence on 30-day mortality, on time of onset 
of morbidity or mortality, or on weight loss. 


Comparison of the 30-day LDsq of x-ray in 
rutin treated and untreated mice. The mor- 
tality data for all rutin treated mice exposed 
to 700, 600 and 500 r were pooled together 
and compared with those of the untreated 
irradiated controls. This involved a total of 
224 mice treated with the various forms of 
rutin by different routes of administration and 
294 mice which served as untreated irradiated 
controls. When the percent mortality for 
each group at 700, 600, and 500 r was 
plotted by the log-probit method the 30-day 
LDs9 was estimated to be 550 r for the rutin 
treated animals and 560 r for the controls. 
The close approximation of the slopes of the 
two curves was a further indication that the 
rutin had no influence on the lethal effects of 
whole body x-irradiation at the x-ray doses 
used. 


Flavonoids in rats. Solubilized rutin, hes- 
peridin methyl chalcone, and CVP were ad- 
ministered to rats through their drinking 
water according to the tabulated schedule. 
Half of each group of 18-week-old rats (see 
table) was given daily for 7 days post- 
irradiation, via stomach tube, 40 mg of flavo- 
noid in 2 ml of water in addition to the flavo- 
noid they were taking in the drinking water. 
This treatment was supplemented by daily 
subcutaneous injections of 100 mg of sodium 
ascorbate in 0.5 ml of distilled water during 
the 7-day post-irradiation period. Two groups 
of younger rats, 11 and 10 weeks old, respec- 
tively, received no treatment other than CVP 
in the drinking water. The results of these 
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tests showed no ev ice of protection against Flavonoids in guinea pigs. Seventy young 
injury by x-rays in rats, female guinea pigs were divided into 7 groups 


TABLE I. Mortalities Among Various Species of N-irradiated Animals Untreated and Treated with 
Flavonoid Compounds. 


% mortality, 


Species and No. Dose whole 30 days 
of animals body X-ray = Un- 
Flavonoid Procedure Control Treated (x) treated Treated 
CR, mice 
125 mg/kg intraper. daily T [12 12 800 100 100 
Solubitized rutin days pre-irrad. and contin. 5 12 13 700 91.7 100 
ued post-irrad, pe 12 600 83.4 75 
[12 12 500 25 25 
Orally by stomach tube Samg 12 me S00 100 100 P 
Solubilived rutin in 2 ml HyO daily 7 days 4} 11 10 700 100 100° 
pre-irrad. and continued | 10 12 600 So S34 
post-irrad, (12 12 500 41.6 33.4 
1% in drinking water 14 [ 24 24 S00 100 100 
Solubilized rutin days pre-irrad, and contin. 7 24 24 TOO 95.8 100 
ued post-irrad.; mean daily = | 24 24 600 S54 19.2 
intake 5 mg per mouse. 24 24+ 500 25 29.2 
Powdered rutin in pure 5%, 2.5% or 19% in food for 
form 7 days preirrad. and con- 
tinued post-irrad, at cone, 
of 2.5% or 1% 
Mean daily doses 
5 % li7.4meg iz 12 700 100. --:100 
25 1138.2 4 12 700 917 S34 
1 42.7 i 12 TOU 100 100 
0 126.8 12 12 600 ost 66.7 
1 39.2 i2 i2 6Q0 7o 75 
Hesperidin methyl chaleone Orally: 7 days pre-irrad. and 12 700 * 100 - 
in HygOQ continued post-irrad, Daily ; 
Citrus vit. PCOVP) in HygO doses, 10 mg in 2 ml . 12 700 i 917 
Nanthorhamnin in HO 12 700 " 91.7 
Dihydrequercetin in PG (PG=propylene glycol) 10 700 * 100 
Morin (de-ionized) in PG 10 700 e 100 
Homoeriodictyol in PG 12 700 i 100 
Rutin (pure) in PG 1 700 :) 100 
Rutin (de-ionixed) in PG 11 700 = 100 
2.5% in diet for 14 days pre- 
irrad, and continued post- 
irrad, Mean daily dose, mg: ' 
Guetta f. 89.5 12 700 ' 100 
ee {101 12 600 ; 66.7 
ere { 166 13 700 t 100 
Quercetin } 11s 1 600 : 75 
: : a8 12 700 ¢ 100 
ahd Loree sil : 7 
Dihydroquercetin 1 100 ll 600 $ 63.6 
= aeen fel 2Q2 12 700 t 91.7 
pees {195 12 600 aie i: 
Noles} nea \ NES 12 700 t 100 
wicium flavonate Y 207 10 600 : 60 
ee aa f 5105.2 2 700 t 83.4 
Hesperidin reer T re 12 600 : 66.7 
»speridi an ls \ 92.2 12 700 t 917 
Hesperidin methyl chalcone Y 104 yo 600 : 75 
SLO a agin { 180 12 700 + 100 
Citrus vit. P (CVP) » 201 oS 600 : 75 
; epee : (class 12 700 ' 100 
Lemon peel infusion ( LPT) } nis 10 600 : 70 


= an 
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TABLE TI. (Continued. ) 


% mortality, 
Dose whole 30 days 
body X-ray  Un- 


Species and No. 
of animals 


Flavonoid Procedure Control Treated (rv) treated Treated 
Rats 18 wk old 
Solubilized rutin 1% in drinking water 21 22 22 700 100 90.9 
Hesperidin methyl chalcone days pre-irrad., plus 100 24 24 700 100 100 
Citrus vit. P (OVP) mg of sodium ascorbate 24 24 700 83:3). HOO 
subeut., and 40 mg of fla- 
vonoid by stomach tube 
daily post-irrad, 
Rats 11 wk old % 
CVP 32.2 mg daily 14 days pre-irrad. in drink- 26 26 600 46.1 68.4 
ing water, and continued Rats 10 wk old 
Be DOI? aes post-irrad. 20 20) 500 45 40 
* Mean daily doses (mg) Guinea pigs 
Solubilized rutin 73.5 1% in drinking water 21 10 250 § D0 
Solubilized rutin 76.2 +- days pre-irrad, and contin- 10 250 § 70 
vit. C 100 ued post-irrad. supple- 
CVP 82.3 mented with subeut. inj. of 10 250 § 90 
Hesperidin methyl! chal- 100 mg sodium ascorbate 10 250 § 100 
cone 84.1 daily post-irrad. for 7 days 
* Pooled 30-day mortality of 93 untreated mice at 700 r— 94.3%, 
la banat i ‘i al MeraerOO TiO) Vos 
pa ff ‘ PVLs re ” at 600 r= 66.9%. 
es xu on 3.0) i guinea pigs at 250 r= 43.4%. 


Mean daily doses in food and drinking water were calculated on basis of pre- irradiation intake. 


of 10 each; 40 were given flavonoids in the 
drinking water and 30 served as controls. 
Sodium ascorbate was added daily to the 
drinking water of one of the two groups re- 
ceiving the solubilized rutin. Each animal in 
this group received approximately 100 mg of 
vitamin C per day. These flavonoids, with or 
without vit. ‘C, did not provide any protection 
against the lethal effects of x-ray nor against 
the weight loss of those animals which sur- 
vived for 30 days. Indeed, the mortality and 
weight losses shown by the treated animals 
were consistently greater than — shown 
by the untreated ones. 

Discussion. The most prominent clinical 
manifestation of exposure to x-radiation is 
described by Warren and Draeger(12) as the 
hemorrhagic tendency reflected in moderately 
severe cases by hemorrhagic gingivitis, pete- 
chiae, epistaxis, hematemesis, and bloody diar- 
rhea. These changes have also been described 
in animals(13). Thus it was logical for in- 
vestigators(2-4) to administer rutin and re- 
lated flavonoids in the hope that the preven- 
tion of such effects of ionizing radiation might 
favorably affect mortality in animals. Rutin 


had become the flavonoid of choice for the 


control of bleeding believed due to increased 
capillary fragility. However, any agent effec- 
tive in offsetting the bleeding tendency in- 
duced by x-irradiation would be expected to 
influence mortality only to the extent to which 
the hemorrhagic syndrome contributes to 
death. The possibility that bleeding may play 
a more important role in some species than in 
others in causing radiation death should per- 
haps not be neglected in the attempt to explain 
the discordant results of various investigators. 
It is of interest to note that in the findings 
reported in the literature on the influence of 
the flavonoids on radiation mortality in ani- 
mals there are no direct contradictions. Of 
the 3 important experimental variables, 
namely animal species, specific flavonoid 
tested, and route of administration, no 2 
groups of workers used the same combination. 
Those reporting positive results used some 
manner of oral administration of a flavonoid 
agent in dogs(2), guinea pigs(3), and rats(4), 
while those describing negative findings used 
a parenteral route in mice(6,9), rats(7,8), 
and chicks(10), or the oral route in mice(5). 
In 2 of these studies, one negative(7), and the 
other positive(4), rats were treated orally in 
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both, but the flavonoids tested were different. 

The results of the present study introduce 
only one questionable direct contradiction to 
the work of others who report a protective 
action of a flavonoid against the lethal effect 
of radiation. Negative results were obtained 
by us when rats were treated orally with CVP, 
contrary to the results obtained by Sokoloff 
et al.(4) under the same general conditions. 
These workers, however, used a British brown 
breed of rat treated by repeated single oral 
doses of the flavonoid, while we used Sprague- 
Dawley rats treated by the CVP in the drink- 
ing water. ‘The total daily dose of CVP ad- 
ministered was much larger in our tests and 
the pre-irradiation treatment period was 
longer. In the present studies on mice, rats 
and guinea pigs, there was no evidence that 
the flavonoids offer any protection to these 
species against the lethal effects of acute whole 
body x-irradiation. These results provide gen- 
eral confirmation of the negative findings of 
others(5-10) in this regard. More direct con- 
firmation of the negative findings reported by 
others is seen in the results of the present tests 
in which rutin was given intraperitoneally to 
mice, simulating the conditions of Cronkite 
et al.(6), and in which rutin was given to mice 
in the drinking water or food, simulating the 
conditions of Kaplan(5). 

The data of others have shown that the 
flavonoids have a very low toxicity(14,15). 
The parenteral injections of 50 mg/kg of rutin 
in rats and guinea pigs, and of 200 mg/kg in 
rabbits was harmless(14).. In the present 
study, mice tolerated a daily intake of ap- 
proximately 250 mg/kg of solubilized rutin in 
drinking water for 30 days. The daily oral 
administration, for 21 days, of rutin and the 
related flavonoids in doses as high as 500 
mg/kg in distilled water or in propylene glycol 
was not harmful. Likewise, mice given 2.5% 
flavonoids in the diet for 14 days showed no 
significant weight losses. Intraperitoneal in- 
jection of 125 mg/kg of rutin for 7 days in 
mice, and large amounts of the soluble flavo- 
noids orally in rats had no adverse effects. 
The possibility may exist, however, that the 
amounts of CVP and hesperidin methyl chal- 
cone consumed by the guinea pigs had a de- 
leterious effect since the mortality and weight 


FLAVONOIDS ON X-RAY MorTALITY 


loss in these tests was significantly greater in 
the treated than in the untreated animals. 
In this case, however, the supplemental vit. C 
should not be disregarded as a possible con- 
tributing factor. 

The fact that workers reporting positive 
results in testing flavonoids against radiation 
lethality (2-4) all administered the compounds 
by the oral route is of interest in view of the 
studies of Clark and MacKay(11) on the 
metabolism of a number of flavonoids when 
given orally. These workers found in human 
experiments that urinary excretion was negli- 
gible following large oral doses (50 mg/kg) 
and that rutin is not recoverable from the 
stools and is destroyed when incubated in an 
aqueous stool suspension. In animals, the 
percentage of the oral doses excreted in the 
urine was negligible. Some of the fed com- 
pounds were almost completely recoverable 
from the gastrointestinal tract. They reported 
that the more soluble flavonoids were no 
better absorbed than the more insoluble ones 
such as rutin. The insoluble complexes of 
rutin dissociated to the typically insoluble 
rutin in the intestine. The work of Clark 
and MacKay(1l1) supports the cumulative 
evidence that it is unlikely that the flavonoids 
are vitamin-like and that they exert any sig- 
nificant physiologic effect. 

Various authors(16-18) have suggested the 
possible value of the flavonoids under condi- 
tions of stress in which there is an increased 
demand for ascorbic acid. Allen(19) sug- 
gested that rutin and ascorbic acid together 
might be more effective in reducing the hemor- 
rhagic state in the radiation syndrome. In 
the present study, however, this combination 
in guinea pigs, which are unable ito synthesize 
vit. C, and in rats gave no indication of a 
beneficial effect on radiation mortality. 

Summary. 1. Rutin, rutin complexed with 
piperazine hexahydrate, and de-ionized rutin 
administered to mice by different routes had 
no protective action against the lethal effects 
of whole body x-irradiation in doses of 500, 
600, 700 or 800 r. 2. Quercitrin, quercetin, 
hesperidin, hesperidin methyl chalcone, di- 
hydroquercetin, naringen, calcium flavonate, 
xanthorhamnin, morin (de-ionized), citrus 
vit. P (CVP), and lemon juice infusion (LPI), 
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administered in the diet, had no protective 
action on mice exposed to acute whole body 
x-radiation. 3. Rutin complex, hesperidin 
methyl chalcone, and citrus vit. P had no pro- 
tective effect on rats and guinea pigs exposed 
to acute whole body x-irradiation. Supple- 
mental vit. C did not enhance the action of 
the flavonoids or decrease mortality. 4. The 
LDso of 250 kvp x-ray, based on the 30-day 
mortality, for the CF, mice used in this ex- 
periment, was approximately 550 r. 


Rutin, de-ionized rutin, de-ionized morin, dihydro- 
quercetin, homoeriodictyol and xanthorhamnin were 
supplied by Dr. S. H. Wender and Dr. T. B. Gage 
of the University of Oklahoma; rutin, quercitrin and 
quercetin by Dr. J. F. Couch of the United States 
Department of Agriculture; solubilized rutin in 
sterile ampules, rutin and piperazine hexahydrate by 
the Abbott Laboratories; hesperidin, hesperidin 
methyl chalcone, naringen, calcium flavonate, and 
lemon juice infusion (LPI) by Dr. A. J. Lorenz of 
the California Fruit Growers Exchange; and citrus 
vitamin P (CVP) by the Vitamerican Oil Co. 
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Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Bethesda, Md. 


The contention that adrenal cortical func- 
tion is deranged in patients with schizophrenia, 
particularly those with long-standing disease, 
has been advanced for several years by Pincus, 


* Present address: Department of Medicine, New 
York Hospital, New York, N. Y. 

+ Present address: Aero Medical 
_ Wright Field, Dayton, O. 


Laboratory, 


Hoagland, and their associates(1). Using 
changes in urinary excretion of sodium, po- 
tassium, uric acid, and steroids, and in the 
level of circulating blood lymphocytes as in- 
dices, they have reported that as few as 20% 
of schizophrenic subjects respond in normal 
fashion to the injection of 25 mg of pituitary 
adrenocorticotropic hormone. Despite the 


708 Eostnopentsa Propucep sy ACTH 


TABLE L Fasting Lerds and Fall 
After ACTH in Group of Schizophrenic Patients. 


@ fall £ fallé 

? hr after Fasting br after 
Sub- cosine AUT ics eosine- AOTH, 
ject phils, mm’ 25mgim. phil, mm’ 25 mgim. 
B 253 68 283 67 
E 275 48 250 29 
Me ES: 3 aa 62 
x 153 62 127 38 
s 211 a 204 52 
T 12 42 122 a2 
G &3 &2 138 Coos 
H 83 66 a0 69 
K 281 4S 379 47 
L rE Oe 6% > 
ME 153 dL 148 29 
BE 200 24 72 pi 
Sr & ao BZ 61 
F 103 63 146 % 
Foe 72 63 77 90 
Ha 77 42 B56 
a 267 3 539 53 
Mix B64 63 Fil 59 
Mi 67 ad aT af 
LW Ape Ts 155 74 
Ss 22 4% 139 &% 
Ma 214 63 iG ug 
Pp 2 5S 77 61 
Ba 228 BO 208 4 
Ss 127 70 103 85 
Sn 25) 18 22 33 
PAY 127 a2 472 4% 
Kr ZAaB 7i 20} “dl 
Kau 283 63 3 34 
Mu 1 A 7 “i 


* Kot determined. 


demonstration by other investigators of an 
apparently normal response to ACTH by 
patients with schizophrenia(2-4), the postu- 
lated hypoadrenocorticism in such patients 
has been used as a rationale for therapy of 
this disorder with cortisone(5). In addition, 
the schizophrenic subject’s response to ACTH 
has been considered of prognostic significance 
in terms of the anticipated efficacy of electro- 
convulsive therapy(6). Hence it seemed 
pertinent to present material on the eosino- 
penia produced by ACTH: in 30 patients with 
long-standing mental illness. 


= Supplied by Armour & Co, Chicago, IB. 


Subjects and method. These data have 
been accumulated during the course of a 
project now in progress at the Elgin State 
Hospital designed to investigate nicotinic 
acid-tryptophane relationships in human sub- 
jects. The group being studied includes 30 
male patients, aged 30 to 63 years, who have 
been hospitalized because of schizophrenia 
for 2 to 19 (average: 11) years. Eosinophil 
counts were determined on venous blood be- 
fore, and 4 hours following intramuscular 
injections of 25 mg of ACTH, according to the 
method of Thorn(7). The initial studies 
were carried out prior to the institution of the 


— 


experimental regimen, and the procedure was — 


repeated after the subjects had been on a 
moderately low-protein diet for one year. 

Results. All but 5 patients showed on at 
least one occasion a 50% or greater fall in 
circulating eosinophils following the injection 
of ACTH (Table I). 


These observations are consistent with a 
normal eosinopenic response to ACTH in at 
least 25 of 30 patients with schizophrenia of 
long duration. Also of interest is the close 
correlation in several subjects of the 2 fast- 
ing eosinophil levels determined one year 
apart. 
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Alterations in Circulating Platelets Following Administration of 


Adrenocorticotropic Hormone. 


(19493) 


JAMES LAURIDSEN, JOHN S. BELKO, AND RICHARD WARREN, 
(Introduced by G. W. Thorn.) 


From Veterans Administration Hospital, West Roxbury, Mass. 


Since adrenocorticotropic hormone (ACTH) 
has become available for clinical use its 
effect upon the hematopoietic system has been 
studied. The small amount of information 


_which is available with regard to the be- 


_ hour. 


haviour of circulating platelets after ACTH 
administration has been conflicting, Zondek 
and Kaatz(9) studied the effect of thyroid 
extract and adrenocortical extract on platelet 
levels. They noted a decrease in circulating 
platelets in a number of patients 2 hours after 
the injection of Cortigen (cortical extract 
Richter). Adams(1) noted no change in 
platelet levels after administering adrenal 
cortex extract to normal rats. Monto, Bren- 
nan, Margulis and Smith(5) studied the 
effect of ACTH and cortisone in blood 
coagulation and noted no significant platelet 
changes. Koller and Zollikofer(4) found 
platelet levels in 4 patients moderately in- 
creased after administration of small doses of 
ACTH. . This increase was preceded in two 
of the cases by a transitory decrease. Jacob- 
son and Sohier(3) have noted an increase in 
circulating platelets following administration 
of ACTH in idiopathic thrombocytopenic 
purpura and refer to others with similar ex- 
perience with this disease. 

Method. Circulating platelets were counted 
in normal individuals at regular hourly or 
2 hourly intervals following the injection of 
ACTH. Twenty essentially healthy indi- 
viduals, one of whom had previously under- 
gone splenectomy, were studied. None were 
febrile, cachectic or suffering from myeloid, 
hepatic or splenic disease. Eosinophil counts 
were taken simultaneously in all instances. 
Blood was drawn from an arm vein with clean 
dry syringes and needles and 4 cc samples 
were transferred to small dry bottles contain- 
ing 2.0 mg potassium oxalate and 3.0 mg 
ammonium oxalate. The bottles were agitated 
gently and counts were performed within one 
Rees-Ecker diluting fluid (Pohle modi- 


fication) (6) was used. One pipette was used 
and one chamber counted. All samples were 
counted by one investigator experienced in 
platelet counting, These counts were found 
to be accurate to within 20,000 platelets (co- 
efficient of variation of 10%) for a single 
count. Since it was found that there is some 
variation in the normal platelet counts in 
different individuals, changes in counts were 
expressed in per cent of the base line count 
for the individual tested. Eosinophils were 
counted from the same sample in a hemacyto- 
meter counting chamber after dilution with 
the phyloxine-ethylene glycol diluent de- 
scribed by Roche, Thorn and Hills(8) and by 
Henneman, Wexler and Westenhaver(2). It 
was found that 50 mg or more of ACTH 
(Armour) intramuscularly regularly elicited 
a maximal “stress” effect as evidenced by the 
eosinophil response. Accordingly 50 to 100 
mg ACTH was administered intramuscularly 
in 17 individuals after determining the plate- 
let and eosinophil counts before injection. 
Two others received intravenous ACTH and 
one who had previously undergone splenecto- 
my received intramuscular ACTH, 

Results, As may be seen from Fig, 1, the 
subjects developed the expected eosinopenia 
induced by ACTH and also a concurrent, 
though more transitory, platelet decrease, 
The thrombocytopenia is more precipitous 
but less sustained than ‘the eosinopenia, 
Twenty-four hours after injection both eosino- 
phils and platelets had returned to pretest 
levels. The decrease in platelets, amounting 
to an average of almost 50% at its greatest 
point, is statistically significant. 

The individual without a spleen who re- 
ceived ACTH showed changes similar to the 
17 normals. The two individuals who re- 
ceived ACTH by the intravenous route over 
an 8-hour period had a slightly slower but a 
more sustained decrease in platelets than the 
18 who received it intramuscularly, 
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ALTERATIONS IN CIRCULATING PLATELETS Fottowinc ACTH 


CHANGE IN CIRCULATING PLATELETS AND EOSINOPHILS 
AFTER ADMINSTRATION OF ACTH 
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Conclusions. 1, After administration of 
ACTH in doses of 50 to 100 mg to 19 normal 
individuals there was a temporary significant 
decrease of platelets in the peripheral blood. 
This decrease was slightly more rapid and 
less sustained than the coexistent eosinophil 
decrease, 2, A similar thrombocytopenia was 
observed following administration of ACTH 
to an individual with no spleen, 
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Effect of Bromobenzene and Cystine Administration On Vitamin A 


Deficient Rats.* 


ANDRE DERMANT AND JEAN MAYER. 


(19494) 


(Introduced by F. J. Stare.) 


From the Department of Nutrition, Harvard School of Public Health, Boston, Mass. 


Outside of its demonstrated role in the 
mechanism of vision, the biochemical function 
of vit. A is still unknown. Meunier, Ferrando 
and Perrot-Thomas(1) investigated the possi- 
bility that vit. A might be directly implicated 
in the synthesis of cystine. In order to investi- 
gate this possibility, they made use of the fact 
that mammalian organisms can be depleted of 
cystine by administration of bromobenzene; 
this substance conjugates with cystine to form 
bromophenyl mercapturic acid, which is then 
excreted in the urine(2,3). It had been shown 
previously by Haley and Samuelson(4) that 
adding 2% bromobenzene to an otherwise 
normal diet resulted in a decrease of the 
vit. A content of the liver of the rats of the 
order of 60% after 3 months. Meunier and 
his co-workers used 5 groups each of 4 or 5 
animals fed a basal, vit. A-free diet containing 
15% casein. The diet of one group a) was 
left unsupplemented. The diet of the other 
4 groups was supplemented as follows: b) 
1% bromobenzene, c) 1% bromobenzene and 
0.12% cystine, d) 2.5 wg of vit. A per animal 
per day, and e) 1% bromobenzene and 20 pg 
vit. A per day. No differences were found 
between groups b and c as regards weight 
loss or time of survival (average survival time 
for both groups, 25 days). Groups d and e 
survived normally and showed average weight 
gains of 4.9 and 6.9 g per week respectively. 
Survival -in group a (unsupplemented) was 
33 days. Meunier and his associates con- 
cluded that vit. A was specifically responsible 
for the synthesis of cystine. However, it 
must be noted that the level in the diet of the 
sulfur-containing amino acid corresponding 
to 15% casein(5) was apparently sufficient 
to nullify the effect of the cystine supplement 


* This work was supported in part by grants-in-aid 
from the Nutrition Foundation, New York; Junket 
Brand Foods, Division of Chr. Hansen’s Laboratory, 
Little Falls, N. Y.; Abbott Laboratories, North 
Chicago, Ill.; and the Chemistry Scholarship Fund, 
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in ‘the case of groups b and c, and that their 
other groups lacked proper controls. No 
record of the food intake was mentioned. 

High levels of dietary protein seem to have 
a sparing effect on vit. A deficiency (6) ; 
epithelial tissues, which are particularly sensi- 
tive to vit. A deficiency, show special affinity 
for administered radioactive cystine(7); it 
appeared, therefore, useful to study again the 
possible interrelationship of vit. A and cystine 
metabolism in bromobenzene intoxication. 
It seemed important, in this study, to limit 
the cystine content of the diet to the lowest 
level compatible with some growth, ‘to increase 
the bromobenzene effect by increasing its 
concentration in the diet to the highest level 
compatible with absence of acute toxic effects 
and to keep records of the food intake of the 
different groups. 

Experimental. Forty-eight weanling (21- 
day-old) male rats, weighing on the average 
50 g and obtained from the Charles River 
Stock, were divided into 8 groups of 6 animals. 
They were fed the following basal diet: casein 
(Labco), 9%; sucrose, 82%; corn oil, 5%; 
salt IV, 4%; and choline, 0.1%. The fol- 
lowing vitamin supplements were added per 
kg of ration: thiamine, 10 mg; riboflavin, 10 
mg; pyridoxine, 10 mg; nicotinamide, 20 mg; 
calcium pantothenate, 20 mg; folic acid, 1 
mg; biotin, 0.2 mg; para-aminobenzoic acid, 
100 mg; inositol, 100 mg; menadione, 15 mg; 
and alpha tocopherol, 40 mg. Vit. A, when 
given, was administered every week in doses 
corresponding to 400 I. U. per day. Bromo- 
benzene (A. R.) when given was added to the 
diet daily (in solution in the corn oil) at a con- 
centration of 0.5% during the first 10 days 
and 2% after that time to the end of the 
experiment; cystine, when given, was incor- 
porated in the diet at a concentration of 0.2%. 
The groups received the following supple- 
ments: vit. A: groups A, AC, AB, ABC; bro- 
mobenzene: groups B, BC, AB, ABC; cystine: 
groups C, AC, BC, ABC; group O received no 
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TABLE I. Wt Gains and Food Intake of Non- 
Deficient and Vit. A-Deficient Rats Receiving 
Bromobenzene and Cystine. 


at 
Oe 
= & BR ss 
pal me Be 
#4 2S 
Groups Treatment eS ee 
AC Vit. A, cystine 116.3 + 18 13.4 
A Vit. A 58.8 + 22.9 12 
ABC Vit. A, eystine, 80 +168 10.8 
bromohenzene 
AB Vit. A, bromoben- 32.8~ 3.6 8 
ZeEne 
Cc Cystine 64.7 + 23.9% 9.4 
(60 + 21) 
O — 36.6 + 17.6 97 
BC Bromobenzene, 54.5 = 18,6* 9.9 
eystine (53.3 + 22,4) 
B Bromobenzene 214+ 55 7.9 


* Figure in the column im this case is the max 
wt gain; the figure in parenthesis is the wt gain at 
49 days. ae 


faa 


Stand. dev. calculated by the formula g = 
nl 
Student’s t computed for comparison hetween 


(My-Me) Y Na + 82-2 
groups by formula t — ; 


| 2 2 
¥ 24, + 2d, 


supplement. All animals were kept in indi- 
vidual screen-bottomed cages at constant 
temperature and under regular conditions of 
illumination. Food intake was recorded every 
day and weight every two days. 

Results and discussion. Essential results, 
concerning maximum weight gains of the de- 
ficient animals, rates of weight gain of the 
non-deficient animals and average food intake 
are recorded in Table I. Groups O and B 
reached their maximum weight gain 40 days 
after the start of the experiment; group BC 
after 39 days; group C after 35 days. Aver- 
ages and standard deviations of the weight 
gains of all groups are therefore given at the 
40th day for all groups. In the case of groups 
BC and C, maximum weight gains are also 
given. 

All deficient animals lost weight and de- 
clined rapidly after the 40th day and showed 
typical signs of vit. A deficiency. The severity 
of these symptoms was in close relation to 
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previous rates of growth, 

It is apparent from consideration of the 
weight gains of non-vit. A deficient animals, 
that, at the level of protein used, cystine was 
the limiting factor in growth. Weight gains 
of animals receiving cystine, (AC, ABC) were 
twice as great as those of corresponding ani- 
mals (A, AB) whose diet was left unsupple- 
mented, (p = 0.002 and p = 0.001 respec- 
tively). Administration of bromobenzene 
caused definite limitation of weight gain, in 
a manner compatible with its known effect on 
cystine metabolism, Groups ABC and groups 
AB showed a weight gain very significantly. 
(p = 0.002) smaller than that of AC and A © 
respectively; the addition of bromobenzene 
to the diet supplemented with cystine caused 
a reduction in weight gain of the order of 
31% and, in the case of the diet not supple- 
mented with cystine, of 44%. The supple- 
ment of 0.2 cystine would permit a theoretical 
maximum of 16% of the bromobenzene to be 
detoxified as bromophenyl mercapturic acid 
(2). The fact that group ABC grew sig- 
nificantly (p = 0.05) better than group A, 
seems to indicate that all the cystine supple- 
ment was not conjugated with bromobenzene. 


In the deficient group cystine was again 
the limiting factor as regards maximum weight 
reached, (Difference between C and O, 
p <0.02; difference between BC and B, p = 
0.002). The depressing effect of bromo- 
benzene on growth was definite, particularly 
in the case of the animals receiving no cystine, 
(Difference between O and B, p = 0,002). 
Decreases due to administration of bromo- 
benzene were somewhat smaller than in the 
case of the animals receiving vit. A, doubtless 
because of smaller over-all growth and result- 
ing smaller cystine requirements, 


The food intake values reflected observa- 
tion on growth: cystine increased food intake 
(AC, ABC, as compared to A, AB), bromo- 
benzene depressed it (A, AC as compared to. 
AB, ABC). The differences between deficient 
groups (C and O, for example) were masked 
by the fact that C showed deficiency signs and 
anorexia before O; ABC, although it grew 
more than A, did present some periods of 
anorexia and arrest in weight gains which 
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were compensated for in the following periods. 
The values given in ‘Table I correspond to the 
15 days comprised between the 25th and the 
38th day of the experiment, before any group 
showed a decline in food intake. Such a de- 
cline started on the 38th day for group C, 
on the 40th day for other deficient groups. 

These results do not support the hypothesis 
that vit. A intervenes directly in the synthesis 
of cystine, as claimed by Meunier and his 
associates. For one thing, while the inclusion 
of cystine in the diet did increase the maxi- 
mum weight gain of the animals fed vit. A 
deficient diets, it did not delay the onset of the 
deficiency, As a matter of fact, weight loss 
occurred earlier in group C and symptoms 
were more acute among the animals of this 
group. Secondly, adding bromobenzene to 
the vit. A-deficient diets did not cause a more 
drastic effect than in non-vit., A-deficient 
animals, If vit. A was specifically instru- 
mental in the synthesis of cystine, one would 
expect the vit. A-deficient animals, whose 
capacity of cystine synthesis should already 


DEMONSTRATION OF TYROSINASK ANN) 
be impaired, to be more immediately and more 
severely affected by the bromobengene, 
Summary, A study of the effeet of bromo» 
benzene administration to vit, Aedeficient anis 
mals on low-protein diets, supplemented oy 
not supplemented with eystine, and to their 
controls, does not support the theory, posts 
lated by some authors, that vit, A is direetly 
implicated in the synthesis of cystine, 
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Manometric and Histochemical Demonstration of Tyrosinase in Poetal 


Guinea-Pig Skin, 


Morris Fosrmr,* 


(19495) 


(Introduced by Carl R, Moore.) 


From the Whitman Laboratory of Experimental Zoology, University of Chicago 


At least some of the skin and hair pigments 
of mammals (melanins) appear to be pro- 
duced from the precursor, tyrosine, and it has 
recently. become possible to demonstrate 
tyrosinase activity in normal mammalian skin. 
A histochemical demonstration of melanin 
formation from tyrosine was made in the case 
of non-pigmented human skin subjected to 
erythema doses of ultra-violet irradiation(1), 
and tyrosinase activity has also been demon- 
strated in skin homogenates from mice and 
foetal guinea pigs by means of manometric 
measurements of oxygen consumption(2-4). 


*Public Health Service Research Fellow of the 
National Cancer Institute, with additional support 
by the Dr. Wallace C. and Clara A. Abbott Memorial 


_ Fund of the University of Chicago. 


Since this pigmenteforming process has been 
demonstrated either histochemically or manos 
metrically, it was considered desirable to 
attempt to demonstrate both aspeets of the 
process in the same sample of tissue, 
Methods, In the experiment reported here 
the intense brown portion from the back of an 
approximately 52<dayeold  browneandewhites 
spotted foetal guinea pig was separated from 
the white portion, placed in a frozen mortar 
surrounded by dry ice, ground to & frozen 
powder by means of # previously frozen pestle, 
and this frozen powder was subsequently sus 
pended in pyrex-redistilled water, Four Wate 
burg reaction vessels, each with a volume of 
approximately 10 ml, were used, Bach vessel 
contained 0.2 ml of 20% KOH in the center 
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well, as well as 1 ml of skin suspension in the 
main portion of the vessel. Each sidearm 
of two of the vessels contained merely 0.5 ml 
of M/10 phosphate buffer, pH 6.8 (control 
vessels), while each sidearm of the other 
vessels contained 0.5 ml of L-tyrosine dis- 
solved in the same buffer, at a concentration 
of 0.5 mg/ml (experimental vessels). After 
10 minutes of temperature equilibration in a 
water bath at 38°C, the sidearm contents were 
tipped into the main portions of the vessels 
(zero time) and oxygen consumption meas- 
urements were obtained. The net oxygen 
consumption, attributable to the enzymatic 
oxidation of tyrosine, was obtained by sub- 
tracting the mean endogenous oxygen con- 
sumption of the controls from the mean 
oxygen consumption in the experimental ves- 
sels. Immediately after the Warburg run, 
skin fragments from one control vessel and 
from one experimental vessel were removed 
and fixed in 1:10 formol-alcohol (approxi- 
mately 15 minutes), dehydrated in absolute 
ethyl alcohol (approximately '% hour), 
* cleared in benzene (overnight) and mounted 
in Permount (Fisher Scientific Co.). Photo- 
micrographs of the experimental and control 
skin fragments were made under low-power 
magnification under as equivalent conditions 
of plate exposure as possible; the two sets of 
fragments being mounted on the same slide, 
thus necessitating only a change of fields for 
the 2 different photographs. 


UPTAKE (iL) 
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290 


2 


3 4 5 
TIME (HOURS) 
FIG. 1. Net oxygen consumption curve indicating 
enzymatic oxidation of tyrosine by tyrosinase in 
brown skin (see text). 


FIG, 2, 

the absence of tyrosine (controle). Note the rela- 

tively uniform pigmentary details extending from 
the hairs down to the hatr bulbs, 


Whole mount of brown skin fragment in 


Results. The curve for the net oxygen con- 
sumption, indicating the enzymatic oxidation 
of tyrosine, is shown in Fig, 1, (Other tests 
(4) have demonstrated specificity of the 
skin catalyst for the L-configuration of tyro- 
sine, poisoning by phenylthiourea, and en- 
hancement of net oxygen consumption and pig- 
ment-production by iodoacetamide,)  Corre« 
lated with this oxygen consumption was the 
formation of a brown-black pigment suspen- 
sion in the experimental vessels, as well as a 
marked darkening of the larger skin frag- 
ments in these vessels, Histological com- 
parison of skin fragments from experimental 
and control vessels revealed a marked dif- 
ference in the intensity of hair bulb pigmenta- 
tion, The control hair bulbs contained brown 
pigment, but were not completely filled with 
this pigment. The experimental hair bulbs, 


on the other hand, appeared to be almost. 


choked with very dark brown pigment, More- 
over, this intense pigmentation extended for 
some length distal to the hair bulb, These 
differences are indicated in the photographs 
shown in Fig, 2 (control) and 3 (experimen- 
tal). 


>. 
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FIG. 3. Whole mount of brown skin fragment in 

the presence of tyrosine (experimentals). Note the 

very densely pigmented hair bulbs and lower hair 

portions. Note also upper hair portions, showing 

the same pigmentary details as found in the con- 
i trol hairs. 


Thus, presumably for the first time, are 
demonstrated both the enzymatic oxidation of, 
and pigment-formation from, tyrosine, in the 
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same sample of normal mammalian skin. 


Discussion. The positive results reported 
here strongly indicate that at least some of the 
dark mammalian hair and skin pigments are 
products of the tyrosinase system. Studies 
on a rather extensive series of guinea-pig coat- 
color genotypes fail, however, to reveal any 
simple parallelism between tyrosinase or dopa 
oxidase activity and genetically determined 
amount or kind of natural pigment(4). These 
studies, which will be reported and considered 
in detail elsewhere, confirm in certain major 
respects previous studies of dopa reactions in 
the case of guinea-pig skin(5,6). 


indebted to Professor Sewall Wright for 


suggestions and criticisms and providing genetic ma- 


I am 


terial, bred and identified by him; to Professor Hew- 
son H. Swift, for help in histological technic and 
photomicrography; and to Professors Benson Gins- 
burg and Dorothea S. Miller, for laboratory facilities. 


1. Fitzpatrick, T. B., Becker, S. W., Lerner, A. B., 
and Montgomery, H., Science, 1950, v112, 223. 
. Foster, M., J. Exp. Zool., 1951, v117, 211. 
, Genetics, 1951, v36, 550, (abstract). 
, unpublished results, 1951-1952. 
. Russell, W. L., Genetics, 1939, v24, 645. 


Cultivation of Lansing Poliomyelitis Virus in Tissue Culture. I. Utiliza- 
tion of Glucose in Synthetic Medium.* (19496) 


A. E. FrRanxiin, D. DuNcAN, W. Woop, AND A. J. RHODES. 
(Introduced by R. C. Parker.) 


From the Connaught Medical Research~ Laboratories, University of Toronto, and The Hospital for 
Sick Children, Toronto. 


The work of Enders and his associates 
(1-3) has indicated that poliomyelitis virus 
can be propagated in cultures of human 
embryonic tissues. In their work, Hanks- 
Simms’ fluid was used as the source of nutrient. 
Recently, we have shown(4) that this fluid 
can be replaced by a synthetic nutrient medi- 
um, mixture No. 199, devised by Morgan, 


* Aided by a Grant from The National Foundation 
for Infantile Paralysis. 


Morton, and Parker(5.6). Mixture 199 is 
of chemically defined composition, and allows 
of survival of suspended tissue fragments and 
proliferation of virus for a prolonged period. 
Hitherto, metabolism has been followed by 
observing changes in pH. Enders, for ex- 
ample, has reported that the pH values of 
uninfected cultures are lower than those of in- 
fected cultures. Since the Meyerhof sequence 
of glycolysis has been found to apply to almost 
all biologic systems, it seemed appropriate to 
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study the utilization of glucose in infected 
and uninfected cultures, in the belief that the 
State of metabolism could be determined with 
a high degree of sensitivity. 

Metheds. Three experiments on the me- 
tabolism of tissue cultures infected with 
Lamsing virus have been carried out so far. 
In each experiment, brain and cord was ob- 
tained from a different human embryo. The 
technic was that described by Weller and 
Enders(7), and used in our previous study 
(4). The tissue was minced and distributed 
between 25 ml Erlenmeyer flasks (8 for each 
Series); mixture 199 was used as the source 
of nutrient. Hanks-Simms’ medium was also 
used in Exp. 1 for comparative purposes. In 
Exp. 1 and 3, the source of virus was 0.1 ml 
ef a 10% suspension of mouse central nervous 
System infected with the Lansing strain of 
poliomyelitis virus. In Exp. 2, the virus 
imeculum consisted of 0.1 ml of the 14th 
culture fluid removed in Exp. 1. In the 3 
experiments, virus suspension was added to 
4 of the Erlenmeyer flasks, leaving the re- 
maining 4 to serve as uninoculated controls. 
The culture fluid was removed and replaced 
with fresh medium every 3-5 days, or when 
the pH jell to 6.8. Mouse infectivity tests 
were carried out by the cerebral inoculation 
of 0.03 ml of pooled culture fluids. Glucose 
estimations were carried out on pooled un- 
infected and pooled infected culture fluids in 
Exp. 1 and 2, and on individual culture fluids 
in Exp. 3. Glucose estimations were carried 
out according to the method of Nelson(8). 
The glucose level of the media used was about 
100 me%. The results are expressed in 
terms of % glucose utilization. 

Resulés. Exp. 1. The results are shown in 
Table I. It will be seen that glucose was 
utilized by the tissues in the Hanks-Simms’ 
medium for 29 days, but in the 199 synthetic 
mixture series it was still being utilized, al- 
though at a low level, when the experiment was 
terminated at 78 days. It will also be noted 
that glucose utilization was lower in both 
Series of infected cultures than in the control 
uninfected cultures. Infectivity tests in the 
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TABLE I. Glncose Utilization and Infectivity 
Tests in Cultures of Human Embryonic Brain and 
Cord Infeeted with Lansing Poliomyelitis Virus.* 
as 


-—%e glucose used—, 

Culture Ineuba- Un- Mouset 
finid tion,days infected Infected Saaiee 
Hanks-Simms’ medium 

1 2 54.2 534 5/6 
2 6 45.6 42.6 2/6 
3 10 45.4 33.3 6/6 
= 13 314 21.9 5/6 
5 17 23.6 9.4 3/6 
6 21 4 O 4/6 
7 25 15.7 3 3/6 
$ 29 8.3 22 1/6 
9 33 0 0 1/6 
10 33 0 O 0/6 
i 42 0 0 1/6! 
172 46 0 at] 0/6 
13 a0 - 0 a) 0/6 
14 5+ 0 a] 0/6 
15 59 a) O 0/6 
Synthetic mixture 199 
1 BI 6/6 
2 9 56.3 47.3 5/6 
3 13 58 3L8 6/6 
4 16 37.5 29.4 6/6 
5 20 62 29.9 5/6 
6 23 st 28 5/6 
7 27 37.6 2L7 2/6 
8 32 47.7 28.2 6/6 
9 36 29.1 13 5/6 
10 40 29.5 14.8 6/6 
il 44 54 6 6/6 
ie 48 22.7 143 4/6 
15 BD) 8.5 2 3/6 
14 ays $5 2.9 5/6 
15 61 73 23 6/6 
16 65 87 3.1 3/6 
17 69 a9 0 0/6 
18 7+ ibs 71 0/6 
19 78 5.2 0 0/6 


* Cultures inoculated with 500 LD=g (for mice) 
of Lansing virus mouse pool. 

+t Mice imoculated cerebrally with .03 ml of 
pooled infected culture finids. 


with culture fluids later than the 7th. How- 
ever, in the 199 series, deaths occurred in 
mice inoculated with all culture fluids up to 
and including the 16th. 

Exp.2. The results are shown in Table II. 
It can be seen that the amount of glucose 
used is similar in infected and uninfected 
cultures for the first 3 pairs of culture fluids; 
the characteristic differences appeared sues 
quently. It was noted that from about the 
20th day the infected tissue fragments under- 
went marked degeneration, resulting in a very 
turbid medium. This would appear to be 
due to the cytopathogenic effect (3). 


TABLE I. Glucose Utilization and Infectivity 

Tests in a First Subculture of Lansing Virus in 

Human Embryonic Brain and Cord, with Syn- 
thetic Mixture 199.* 


-—% glucose used—, 

Culture Ineuba- Un- Mouse 
fluid tion,days infected Infected deaths 
z 3 94.8 90.6 1/5 
2 Z 764 $4.8 6/6 
3 pak 87.6 92.8 6/6 
os 15 90.4 447 6/6 
By 19 74.8 20.3 6/6 
6 22 55.3 12.8 6/6 
7 26 56.7 9 5/6 
8 29 35.2 61 0/6 
9 33 30.5 6.5 0/6 
10 36 20.2 3.9 0/6 
11 40 13 By 0/6 


* Cultures inoculated with .1 ml of the 14th eul- 
ture fluid of Exp. 1 (Mixture 199). 


Exp. 3. The results are shown in Table 
Til. It will be seen that during the first 3 
days the amount of glucose used by the 
tissues is about the same in infected and un- 
infected cultures. Thereafter, the values for 
glucose utilization fell more rapidly in the 
infected than in the uninfected cultures. Thus, 
the amount of glucose used in these cultures 
followed the same general pattern as that 
seen in the previous experiments. 

Discussion. It has been shown, in con- 
firmation of our previous work, that the 
Lansing poliomyelitis virus proliferates in 
cultures of human embryonic brain and cord 
supplied with synthetic nutrient mixture 199, 
devised by Morgan, Morton and Parker(5). 
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Tests for glucose utilization in culture fluids 
have shown that these values are significantly 
lower in cultures containing virus than in the 
uninfected control cultures. The apparent 
indications are that when glucose utilization 
falls to a low level, the liberation of virus into 
the culture fluids, as shown by infectivity 
for mice, also falls. It is suggested that tests 
for glucose utilization are of value in studies 
of the growth of Lansing virus in tissue culture, 
as they give an indication of the metabolic 
State of the tissue in which the virus grows. 
In this connection, it is of interest to recall 
that Racker and Krimsky(9) showed an in- 
hibition of glucose utilization in homogenates 
of brains of mice infected with Lansing virus. 

Ackermann has postulated that virus is 
formed in infected tissue due to an abnormal 
sequence of some normal metabolic cellular 
process, and that the functioning of the Krebs 
cycle is essential for the propagation of- in- 
fluenza virus(10). He also found that di- 
ethionine and dl-methionine prevented the 
propagation of influenza PR8& virus and 
Lansing poliomyelitis virus, and that this 
inhibition could be overcome by addition of 
]-methionine(11,12). 

It appears possible that the proliferation of 
Lansing virus in fragments of human embry- 
onic tissues can be studied when these tissues 
are suspended in a synthetic nutrient medium, 
and that metabolic studies may be made by 
addition or removal of the component parts 


TABLE a, a Utilization and Infectivity Tests in Cultures of Human Embryonic Brain 
and Cord Infected with Lansing Virus, with Synthetic Mixture 199.* 


‘Culture Tneuba- 


% glucose used —_——_—__—_—___ Mouse 


oS eee 
tion, days — Uninfected-——__ 9 =——— Infected ———,, deaths 


fluid 
1 3 86.8 955 653 914 S872 S917 862 909 6/6 
2 7 614 36.1 435 582 436 522 474 462 6/6 
3 li 62.7 53.8 32.4 495 11 312 359 281 5/6 
4 15 49.7 2 302 505 1441 207 16 175 4/6 
5 19 461 417 292 46 93 187 14 93 5/6 
6 24 515 465 26.7 485 79 189 134 45 3/6 
7 20 35.8 .25.7 218 37.6 0 8 L5 i 3/6 
Sy 32 S82. 367 13.4 33.7 0 93 233 23 4/6 
9 37 417. 20.7 31.7 50.7 38 184 142 51 0/6 
10 2 313 152 21 403 0 73 Si Qo 5/6 
li 47 Tse SG. IO. * 338 0.44 64 6 46 
12 51 158 67 101 23.6 23 87 GF 15 46 
13 55 34 65 58 194 46° 87 34-31 2/6 
b 14 58 s aR SF 0 3 U5 15.-1/6 
15 62 S4> - 0 0 91 Yi cae | 0 1/6 
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of this medium, 

Summery, 1, Lansing poliomyelitis virus 
proliferates in cultures of human embryonic 
brain and cord supplied with a synthetic 
nutrient medium, 2. The amount of glucose 
used by cultures that contain virus .is  sig- 
nificantly less than that used by uninoculated 
control cultures, 


The human embryos used in these studies were ob- 
tained through the courtesy of the gynecological staff 
of the Toronto General Hospital. We are indebted 
to Dr, R, C, Parker and his colleagues for supplies of 
the synthetic medium, 
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Cultivation of Coxsackie Virus in Embryonated Eggs and in Chick Tissue 


Cultures. 


(19497) 


Myrtie Suaw. (Introduced by Gilbert Dalldorf.) 
From the Division of Laberatories and Research, New York State Department of Health, Albany. 


First attempts to grow Coxsackie virus in 
embryonated hens’ eggs were unsuccessful (1). 
Since then there has been only one report of 
adaptation to growth in eggs. Huebner(2), 
after alternate mouse to egg passage, carried 
a Group A, Type 2 strain through ‘a number 
of consecutive yolk-sac passages. Similarly, 
there has been a report of successful cultiva- 
tion in tissue culture. Slater and Syverton(3) 
maintained a Group A, Type 4 strain in em- 
bryonic mouse cell medium for 24 passages. 

Results of the following investigation con- 
firm the difficulty of growing the Coxsackie 
viruses in embryonated eggs and suggest that, 
while Group A, Type 2, may perhaps be more 
readily adapted than other types, the indi- 
vidual strain appears to be the most important 
factor. 

Methods and materials. Virus strains. 
Thirty-one strains were used, including rep- 
resentatives of 10 types of Group A and 3 of 
Group B. In most cases, 2 or more strains of 
a given type were tested but only one strain 
each of Group A, Type 6, 7, and 9 and Group 


B, Type 2. Twelve strains had been received 
from other laboratories as muscle suspension 
or mouse brain; the remainder were isolated 
in this laboratory from human fecal speci- 
mens. Stock supplies of the virus were main- 
tained as infected mouse brain in 50% gly- 
cerol. Infected leg tissue suspension was the 
usual material for egg and tissue-culture inoc- 
ulation, the exceptions being 2 Group B 
strains, where brain tissue was used as the 
inoculum. 

Embryonated eggs. After preliminary ex- 
ploration, the following procedure was used as 
a screening test. Eggs were incubated for 7 
days at approximately 37°C; 0.1 ml of 10% 
virus suspension was inoculated into the yolk 
sac and incubation continued for 6 days at 
approximately 35°C before harvesting em- 
bryos and a portion of the yolk-sac tissue. 
The heads, minus the eyes, of 6 to 8 embryos 
were weighed, ground with sterilized sand, and 
a 20% suspension prepared, using as a diluent 
0.85% saline containing 10% beef infusion 
broth. The suspensions were centrifuged for 


—————— 


7 


10 minutes at approximately 2500. rpm, 
Supernatant fluids were stored in a dry ice 
cabinet until mouse infectivity tests could be 
performed, Similar suspensions were pre- 
pared from pools of legs and wings, from the 
remainder of the bodies including the viscera, 
and from the pooled yolk-sac tissue, ‘These 
suspensions were prepared to determine the 
localization of the virus but for passage of un- 
tested materials, a mixture of equal parts of 
the 4 suspensions was used, On the assump- 
tion that virus might be present only in one 
suspension, the use of the mixture provided 
for no more than a 4-fold dilution of the active 
material. Generally, suspensions of first pas- 
sage materials were not tested in mice since 
positive mouse infectivity tests might be 
ascribed to survival of the inoculum, Tissue 
cultures. ‘The flask culture technic was used 
throughout. Prior to the adaptation of any 
of the strains to eggs, tissue culture studies 
of Group A, Type 1 (No, 48249) had been 
made using brain or leg tissue from one-day- 
old mice, with indifferent success. The strain 
was carried through a number of passages but 
with steadily declining titer. The first egg- 
adapted strain was grown without difficulty 
in vitro on embryonic chick tissue. Other 
strains were then investigated. The fluid 
phase consisted of one part ox serum ultra- 
filtrate, 3 parts Simms X7 solution(4) with 
sufficient penicillin and streptomycin added 
to give a concentration of 50 units and 50 
pe/ml, respectively. Five ml of the fluid 
were dispensed into each rubber-stoppered 
125 ml Erlenmeyer flask. Chick embryos 6 
to 8 days of age were minced and washed in 
Simms solution, Four drops of tissue were 
used per flask. The initial inoculum was 0.1 
ml of 20% suspension of infected mouse legs 
or brains or a similar preparation of infected 
chick embryo legs and wings. Cultures were 
incubated at 36°C for 7 days, plated, and 9.1 
ml transferred to a fresh flask of medium, 
Fluid from the seed culture was centrifuged 
for 10 minutes at approximately 2500 rpm. 
The supernate was stored in a dry ice cabinet 
until mouse infectivity tests could be per- 
formed, 

Tests for determining presence of virus. 
Tissue culture fluids and suspensions prepared 
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WIG, 1, Ooxsnekia virus, Group A, Type 2, #4p1o0, 


from infected egg or embryo tissues were 
tested for virus by injecting into suckling mice 
| to 3 days of age, The approximate mouse 
infective titer was determined by injeeting 
serial tenfold dilutions of the materials, The 
specificity and identification of the egg. 
adapted or tissue culture strains were checked 
by neutralization tests using immune sera pre- 
pared in mice or hamsters, 

Results, Lmbryonated eggs, ‘Twenty-four 
strains representing 10 types of Group A virus 
and 5 strains which included 3 types of Group 
B virus were investigated, Negative results 
were obtained with all Group B strains and 
with Group A, Types 1, 3, 5, 6, 7, 4, 9, and 10, 
Only 5 Group A strains gave evidence of virus 
being present in any quantity in the second 
passage, One was the Type 4 strain grown 
by Slater and Syverton(3) in tissue culture; 
2 other Type 4 strains gave negative results, 
The investigation of this strain was not con- 
tinued, Two were Type 2 strains isolated in 
this laboratory, Strain No, 49190 was trans- 
ferred through 8 egg passages with no en- 
hancement of pathogenicity and no gross evi- 
dence of infection, Vig. 1 shows the history 
of these passages, When, with a lengthened 
incubation period, the strain could not be 
maintained in passage, it was decided to pre- 
pare and test suspensions of individual em- 
bryos, Only one embryo of 13 harvested from 
the 6th passage contained detectable virus; 
only 4 of 11 were positive in the 7th passage. 
Since these embryos showed no signs of infec- 
tion, it was not possible to determine by gross 
observation which to harvest and use for 
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passage, The low incidence of infected em- 
bryos explains the failure of passages in 
which pooled tissue of a number of embryos 
was used, In those embryos that became in- 
fected, virus was present in fair titer (10). 
Results with strain No, 50136 were similar, 
The 2 remaining straing (Nos, 5127 and 
50376) were received as Group A, Type 5 
from another laboratory, Both gave evidence 
of marked cross reactivity with Group A, 
Type 2 and the virus grown in egg and tissue 
culture was similar serologically to Type 2 
only, Strain No, 5127 grew even less readily 
than those previously described but the Type 
2 element of strain No, 50376 immediately 
adapted to cultivation in eggs and was highly 
pathogenic for the embryos, occasionally caus- 
ing death, The infected embryos were pale 
and swollen, with thin fragile legs and feet 
curled or bent in abnormal positions. Histo- 
pathologic examination of the infected em- 
bryos revealed hyaline degeneration of the 
striated muscles, a8 is seen in infected mice 
(1), but no lesions of the central nervous 
system, ‘This strain was carried through 8 
egg passages, A suspension of the pooled legs 
and wings from embryos of the 7th passage 
was infective for mice by intraperitoneal in- 
jection (0.05 ml dose) when diluted to 107, 
Virus was also present to high titer in other 
embryonic tissues and to a much less degree 
in yolk-gac tissue. Three other Type 
strains failed to grow in eggs. 

The results obtained with strain No, 50376 
were sufficiently unusual to suggest the pres- 
ence of another agent, However, Group A, 
Type 2 antiserum specifically prevented the 
growth of the strain in eggs. Attempts to in- 
crease the pathogenicity for eggs of another 
Type 2 strain by simultaneous inoculation of 
Type 5 virus were unsuccessful, Embryo sus- 
pensions of No, $0376, made non-infectious 
for eggs by the addition of Type 2 serum, did 
not initiate growth when added to egg inocu- 
Jum of straing of Type 4 and ‘Type 6, pre« 
viously found not to grow in eggs, 
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Tissue cultures, Strain No, 50376, adapted 
to eggs, grew readily in culture on chick em- 
bryo tissue. Fluid of the 8th tissue culture 
passage was infective for mice in a dilution of 
1:100,000. Egg passage virus No. 49190, 
which infected only occasional embryonated 
eggs, was easily cultivated in vitro on em- 
bryonic chick tissue. ‘That growth in chick 
tissue cultures was not dependent on prior 
adaptation of the virus to eggs was shown by 
successful cultures obtained with the above 
strains and strains No, 50136 and No, 5127, 
using infected mouse leg suspension as inocu- 
lum, All attempts to cultivate No, 50376 or 
No, 49190 in mouse leg or mouse brain tissue 
culture were unsuccessful, 


The Type 4 strain adapted by Slater and 
Syverton to mouse tissue culture grew also in 
chick tissue medium, ‘Three other Group A, 
‘Type 4 strains did not. Eight additional 
strains representing Types 1, 3, 5, and 6 failed 
to grow, 


Summary. Among 29 strains of Coxsackie 
virus tested in embryonated eggs, one strain, 
serologically Group A, ‘Type 2, exhibited un- 
usual pathogenicity for chick embryos. Of 
16 strains tested, the same strain, 3 other 
Type 2 strains, and a Group A, Type 4 strain 
grew readily in vitro on embryo chick tissue. 
These results suggest that strain differences 
are a primary factor in adaptation to growth 
in embryonated eggs or tissue culture, 


The author is indebted to Dr, Hildegard Plager for 
testing the materials in mice, 
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Intravenous Infusions Into Human Subjects of Fractionated Coconut Oil 


Emulsions. 


(19498) 


B. G. P. Suarirorr, J. H. MuLHOoLLAND, AND H. C. Baron, 
From the Laboratory of Experimental Surgery, New York University College of Medicine. 


The purification of natural coconut oil is 
of major importance in the proper develop- 
ment of a fat emulsion for intravenous use in 
man. Although coconut oil is sufficiently 
purified for edible purposes, it nevertheless 
contains a variety of non-essential nongly- 
ceride substances which must be considered as 
undesirable impurities for inclusion in an 
intravenous preparation. ‘These latter sub- 
stances are the hydrocarbons, free fatty acids, 
phytosterols, carotenoid pigments etc. By 
means of special filtration and distillation 
technics natural coconut oil can be refined to 
yield three fractions of relatively pure fatty 
acid triglycerides. The present report is de- 
voted to a clinical study in which each of 
these fractions of coconut oil was emulsified 
and injected intravenously into human sub- 
jects. ~ 

Method of Study. Emulsions containing 
10% of fraction A or fraction B or fraction C 
were prepared by homogenization and stabil- 
ization with 2% gelatin and 5% glucose in 
the manner previously described(1). In addi- 
tion, combinations of fractions A and B, 5% 
of each, fractions A and C in the same propor- 
tion and also fractions B and C were made 
into emulsions. A total of 24 hospital patients 
were divided into 6 groups corresponding to 
the type of emulsion administered. In addi- 
tion, 8 patients of this series received infusions 
of all 3 fractions or of their combinations. 
Each infusion was started in the morning with 
the patient in the post-absorptive state. 
During the study period which lasted 24 
hours, temperature, pulse, respirations and 
blood pressure were recorded hourly. Four 
samples of blood were drawn; an initial sam- 
ple at the start of the infusion, a sample at 
the termination of the infusion and samples 
at 12 and 24 hours. The following deter- 


_minations were made on the blood; hemo- 


globin(2), hematocrit cell volume, total lipids 
(3), and cholesterol(4). Hemolysis im vivo 


__ was determined by the quantitative estimation 


of free hemoglobin in plasma by a modifica- 
tion of Flink’s method(5). Complete blood 
counts were also made. Catheterized urine 
specimens obtained at the same intervals as 
noted above were examined for ketone prod- 
ucts, urinary fat and blood. 

Results. Group I, Four patients were each 
infused with one liter of the emulsion contain- 
ing 10% fraction A coconut oil, In every case 
there was a severe reaction during the course 
of the infusion necessitating its discontinu- 
ance. Toleration for this emulsion did not 
exceed 400 ml. The rate of administration 
did not appear to alter reactivity. Symptoms 
were similar in all cases, These were dyspnea, 
cough with expectoration of frothy sputum, 
retching and vomiting of gastric contents 
tinged with blood and considerable bile. The 
patients complained of severe pain which was 
localized in the mid-back region corresponding 
to the site of the kidneys or pancreas. ‘The 
temperature rose from 4 to 6 degrees even 
before the infusion was discontinued, persisted 
for a period of 2 to 3 hours and then subsided 
rapidly to the initial level. The blood studies 
showed a significant fall in hemoglobin, hema- 
tocrit cell volume and number of red blood 
cells, particularly in sample 2 and sample 3, 
Leukocytosis was most marked at the com- 
pletion of the infusion. The values for total 
lipids and cholesterol rose above the initial 
values but declined subsequently to values 
even below the initial level. Free hemoglobin 
in plasma was markedly elevated in samples 
2, 3, and 4. The intermediate urine samples 
were positive for acetone. All the urine sam- 
ples after the infusion were strongly positive 
for blood. 

Group II, Three patients from the pre- 
vious group and 4 new subjects were infused 
with the emulsion containing fraction B coco- 
nut oil. This emulsion was well tolerated 
without reaction and with little or no tempera- 
ture elevation except in 3 subjects who 
showed a rise which averaged 1.5 degrees in 
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INFUSIONS OF FRACTIONATED CocoNuT OIL 


TABLE I. Data Showing Effects of Each of Three Fractions of Coconut Oil Emulsion Infused 
into the Same Subject. 


' s pe a 
a SB x x ss 2S bea} 
Ss AD Aig Aas aiaS: on 5 bs ° 
eS 2 ol “ee EN ee et yee SANS aca e 
2 = Poise deliiagt = ote on Eee ey ers cierto neh eS ate a = 
= 5 Sit GRO a agate eR Ie eeenr= eae Poseyle teaches 42h o 
es Th ae Ws mle Me es fates Oe Ps = 
1? Vs Si, FG A 2 al8 6.5. 7412500120 0 0 98.6 
A + 2 11.6 4() 108 3.2 20.3 680 160 2+ 4+ 98.6-102 

8s 0b) S48) 601 3.6 ALT 520 FO ae ds aaa 

4 11 41 30 3.8 8.6 480 90 0 2 100 - 98.6 
Lars aL 48 24) oe BSpig 2884 pukOs 0 0 98.6 

B 2 13.8 47 2 4.8 6 600 122 2 (he 98.6- 99.2 

3 13.8 46 2 4.6 5.6 22 120 0 0° 99.2- 98.6 

ee 13.9 46 2 4.9 5.3 420 120 0 0. 98.6- 98.6 
1 14.6 50 2 4.6 fe 572 142 0 0 98.6 

C 2 14.4 48 2 4.7 7 737 168 2 0 98.6- 99.4 

5} 14 48 2 4.2 6.5 510 118 1+ 0 99.6- 98.4 

4 14 49 4 4.4 6.4 430 90 0 0 98.4- 98.5 

the last 2 hours of the infusion period. Ex- tions. The laboratory data showed little 


cept for a mild dilution effect, there were no 
significant changes of any of the constituents 
of the blood studied in this investigation. 
Leukocytosis did not occur. Hemoglobinemia 
was not demonstrable. Urinary findings were 
within normal limits. 

Group IIJ. Four new subjects and the same 
3 patients who had been tested with the frac- 
tion A and B emulsions received infusions of 
the emulsion containing fraction C coconut 
oil. In this group infusion reactions did not 
occur. Temperature elevations were minimal 
and did not exceed 1.2 degrees. The labora- 
tory data was similar to that obtained in the 
Group II studies. 

Groups IV and V. The subjects in the 
latter 2 groups were infused with emulsions 
which combined fractions A and B or fractions 
A and C. Reactions were found to occur in 
every case but were less severe than those en- 
countered when fraction A emulsion alone was 
administered. The limit of tolerance for either 
combined emulsion did not exceed 700 ml. 
Temperature elevations averaged 3. degrees. 
Leukocytosis was not as great. Free hemo- 
globin in plasma did not exceed 85 mg %. 
Clinically, vomiting, cough and back pain 
were observed as previously. 

Group VI. Four patients comprising this 
group received infusions of the emulsion com- 
bining fractions B and C. These infusions 
were well tolerated without untoward reac- 


variation from that noted for Group IT or III. 

Discussion. The 3 fractions discussed 
above were prepared by Drs. Barsky and 
Zinzalian of the research division of the E. F. 
Drew Co. Each fraction consisted principally 
of the glyceride esters of a limited number of 
homologous saturated fatty acids. In the B 
and C fractions smaller amounts of the esters, 
of the unsaturated fatty acids were also 
present. Fraction A consisted mainly of a 
mixture of the glycerides of caprilic and capric 
acids. Fraction B comprised the esters of 
lauric and myristic acids and minor concen- 
trations of linoleic and oleic acid esters. 
Fraction C contained principally the gly- 
cerides and palmitic and stearic acids and 
lesser quantities of the esters of oleic, linoleic, 
myristic and lauric acids. The concentration 
of the saturated fatty acid esters in each frac- 
tion was 90% or greater. The esters of oleic 
and linoleic acids which constituted about 6% 
of the whole coconut oil were unequally dis- 
tributed in the B and C fractions. As a result 
of the fractionation processes, non-fatty ma- 
terial and other non-glyceride substances 
present in natural coconut oil remained as an 
untested residue. 

Emulsions of B and C fractions were well 
tolerated while serious reactions were found 
to occur with the intravenous infusions of the 
emulsions containing the A fraction. The 
basic patho-physiologic process associated 
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with the infusion of the reactive fraction ap- 
peared to be that of hemoglobinemia due to 
hemolysis in vivo. This can be accounted for 
on the basis of intolerance of the organism for 
low molecular weight fatty acids and their 
esters such as were contained in fraction A. 
The relative solubility of the latter and their 
ease of dissociation hastened the process of 
saponification in the blood and the surface 
action effect on the red blood cells causing 
hemolysis and the resultant hemoglobinemia. 
Better toleration obtained with the injections 
of the B and C fractions can be accounted for 
on the relative insolubility of the long chain 
fatty acid esters retarding in the blood any 
chemical interaction or hydrolysis. 

Summary. 1. Emulsions of the glycerides 
of the short chain fatty acids were toxic when 
injected intravenously into human subjects. 


-a-Lipoic Acid in Oxidative Reactions of a Corynebacterium. 
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2. The glycerides of the high molecular weight 
fatty acids, lauric, myristic, palmitic and 
stearic acids were non-toxic when injected in 
emulsion form. 3. Inclusion with the latter of 
small concentrations of the fatty acid esters 
of the type of oleic and linoleic acids did not 
affect the toxicity of the emulsions. 
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From Biochemical Institute, University of Texas, and the Clayton Foundation for Research, Austin. 


a-Lipoic acid is a highly active growth factor 
for several microorganisms(1,2) and functions 
in the oxidative conversion of pyruvate to ace- 
tate by Streptococcus faecalis(1). Acetate 
will replace the factor for the growth of several 
lactic acid bacteria. On the other hand, 
acetate will not substitute for a lipoic acid- 
like. material in the growth of a Corynebac- 
terium(2,3). This difference prompted the 
present study of the Corynebacterium, since 
it suggested that -a-lipoic acid possesses a 
function or functions in addition to its role 
in the formation of acetate from pyruvate. 

Methods. The organism,* maintained on 
yeast extract-glucose-agar slants, was grown 
in a medium similar to that described by 
Stokstad, et al.(3). Instead of “protogen’”, 
a Concentrate of lipoic acid was used; this 
material, potency 50,000 acetate equivalents/ 


mg(4), gave suitably deficient cells at a level 
of 50 wg/liter or less. To permit aeration of 
the medium, 1.5 mg/liter of Dow-Corning 
Antifoam A were added. A 10% inoculum, 
24 hours old, was used for 14 liter batches. 
After 24 hours at 25°C, the cells were har- 
vested with a Sharples Super-Centrifuge, 
washed with 0.9% saline, suspended in water, 
lyophilized, and stored at —18°C. The ex- 
periments described below were performed 
with these dried, deficient cells, utilizing the 
usual manometric methods. The cells and 
crystalline a-lipoic acidt were mixed just 
before equilibrating the Warburg flasks. 
Lipoic acid effects. A preliminary survey 
revealed that a variety of substances was 
oxidized by the dried cells and that the rate 
of oxygen uptake for many of these was 
stimulated by a-lipoic acid (Table I, Columns 


* Our thanks are due to Dr. E. L. R. Stokstad for 
@ culture of this organism. 


+ We are indebted to Dr. L. J. Reed for samples of 
a-lipoic acid. 
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TABLE I. 


a-LApoic Actin 1s OXIDATIVE REACTIONS 


Effect of Crystalline wLipoie Acid on Oxidation of Various Substrates. 


a 
Without 
lipoie acid 
(1) 
Endogenous 14,8 
Substrates : t 
Pyruvate a) 
Lactate & 
Malate 6.6 
Mamarate 7A 
Acetate 9,2 
ao Ketoghutarate & 
Ghitamate 2.2 
Ornithine (5) 
Arginine D8 
Proline yap 
_ Aminobutyrate 7A 


* Substrate tipped in after 2 hr, 


Oxygen uptake (atoms) 


Deficient cellya—— 


r——!' Aged’? ¢ellga—— 


With Without With 
lipoie acid lipoie acid lipoie acid 
(2) (3) (4) 
20.9 18,) 27.7 

97" 5.8% 
21.6 144 14 
25.9 
20.8 LA 18.5 
38 i. 28.6 
50 2 7.3 
34 
20.7 0 114 
18,2 
52.6 
62.8 8.2 29.2 
8% 22,8" 
69 62.4 67.8 


| Oxygen uptakes: corrected for endogenous respiration. 


Conditions: 7 mg cells and 07 pg a lipoie acid in 1.8 ml .055 M phosphate pH 5,9; .2 ml 
2M substrate tipped in after 15-20’, Duration of exp.: 180’, 


TABLA SL, Response of ‘Aged’? Cells to Vary- 
ing Amounts of Orystalline oLApoie Acid, 


Wt of a lipoie Oxygen uptake (patoms)- 


Acid (Wk) 


si 
fndogenous Proline’ 1-Malie acid* 


A 26.2 16,2 19 
02 a7 22.0 5.9 
HI 0,6 BTA Lg 

5 83. ASG 85 


* Substrate uptakes corrected for endogenous 


uptake, 
Conditions a8 in Table 1, but exp. was 200 min, 


{J and 2), Distinct stimulations were ob- 
served with a little as 0.002 pe lipoic acid 
per Warburg flask (Table I1), The en- 
dogenous activity is high and is stimulated by 
the growth factor under the conditions used 
in most experiments; however, it should be 
noted that low lipoic acid levels produce sub- 
strate stimulations without appreciable effect 
on the endogenous activity (Table I), 

The finding that pyruvate is oxidized by 
this organism raises the possibility that 
pyruvate oxidation is the rate-limiting step 
in the oxidation of the other substrates. Since 
w\ipole acid functions in pyruvate oxidation 
(1) and shows a stimulatory effect with 
pyruvate here, the possibility then exists that 
the stimulatory effects observed with the 
other substrates are the result of a single func- 
tion. However, the results described below 
appear to rule out this explanation, 


Deficient “aged” cells. Table 1, Columns 3 
and 4, presents results of experiments per- 
formed with a batch of cells which had been 
in use over a period of 3 months. These 
“aged” cells could still oxidize pyruvate, but 
the rate of oxygen uptake was no longer stimu- 
lated by a-lipoic acid, Nevertheless, the 
stimulatory effect on the other substrates is 
still in evidence. This finding suggests a 
role for lipoic acid in the oxidation of these 
substances’ which is distinct from its known 
role in pyruvate oxidation. Attention is 
drawn to the observation that preliminary 
aeration of the cell suspension reduces the 
blank activities considerably without greatly 
affecting the stimulatory effect of lipoie acid 
on proline oxidation (starred values, Table 
1). In fact, the stimulation was observed 
with cells in which the endogenous activity 
was now lower in the presence of lipoic acid 
(because of greater depletion of endogenous 
substrates during the aeration). 


Liffect of high pH. All experiments, de- 
scribed above were performed at pH 5.9, At 
pH 9.2, with fresh cells, pyruvate oxidation 
was reduced to a very low level, yet proline 
oxidation was considerable and showed 
stimulation by lipoic acid (Table 111, Columns 
J and 2). The activity of the blanks at this 
pH was of minor proportions. The pyruvate 
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TABLE III. Effect of a-Lipoic Acid on the Oxidation of Various Substrates at High pl. 


Oxygen uptake (,atoms) 
y—— Deficient cells——, 


w—— ‘ Aged’? cells ——+, 


Without With Without With 
lipoic acid lipoie acid lipoiec acid _ lipoie acid 
Substrate (1) (2) (3) (4) 
Pyruvate 3 2 0 0 
Proline 11.1 23.3 2.8 11.2 
y-Aminobutyrate 3.1 8.7 
None 2.8 5.9 5.7 9.2 


Conditions: 7 mg dry cells, .07 ug a-lipoic acid, and 50 wmoles KgHPOy, in 1.8 ml tris(hy- 


droxymethyl)aminomethane buffer, .11 M. .2 


ml .2 M substrate tipped in after equilibration, 


Columns 1, 2: pH 9.2; duration 120’. Columns 3, 4: pH 8.8; duration 150’, Oxygen uptake 


corrected for endogenous respiration. 


activity appears to be much too small to ac- 
count for the lipoic acid effect on proline. 
With ‘‘aged” cells at pH 8.8, there is no 
pyruvate oxidation at all, yet proline and 
y-aminobutyric acid are oxidized and respond 
to the growth factor (Table III, Columns 3 
and 4). At this pH, acetate, malate, and 
glutamate are also not attacked, and it may 
be concluded that lipoic acid operates in pro- 
line and aminobutyrate oxidation at a point 
distinct from its function in the oxidation at 
the lower pH of the other substrates mentioned 
here. 

Non-accumulation of Pyruvate. If in this 
organism a-lipoic acid were involved only in 
pyruvic acid oxidation, one would expect 
pyruvate (under the conditions used) to 
accumulate during substrate oxidation in the 
absence of the factor. Analysis of the re- 
action mixtures(5) revealed no accumulation 
of pyruvate as a result of acetate, proline, or 
endogenous oxidation, with or without added 
lipoic acid. This supports the previous evi- 
dence and indicates a non-pyruvate function 
for lipoic acid. 

Glutamate oxidation. A trapping agent, 2,4- 
dinitrophenylhydrazine, was used to seek 
carbonyl products of glutamate oxidation. 
The reagent was incubated with dried de- 
ficient cells at pH 5.9 buffer, with and with- 
out sodium glutamate, and with and without 
a-lipoic acid. The cells were centrifuged off 
and the supernatants acidified and extracted 
with ethyl acetate. The organic extracts were 
analyzed by paper chromatography, using two 
different solvents(6). Spots corresponding in 
position to pyruvate and a-ketoglutarate were 

found in all samples. The spots were all 


equally faint except the ketoglutarate spot 
obtained from the glutamate-lipoic acid 
combination; this was markedly more intense. 
This agrees with the manometric data and sug- 
gests that formation of ketoglutaric acid from 
glutamic acid is stimulated by lipoie acid, 

y-Aminobutyric acid oxidation, Since the 
metabolism of this compound has been studied 
so little, and because the Corynebacterium 
shows such a high rate of oxidation, further 
studies were made of the mode of oxidation, 
A trapping experiment like the one above re- 
sulted in pyruvate and ketoglutarate spots 
which were more intense than the controls, the 
pyruvate considerably so. The pyruvate spot 
was identified further by elution with pH 7.4 
phosphate and examination with a spectro- 
photometer. - In agreement with a sample 
of pyruvate similarly ‘treated, an absorption 
peak was found at 370 mp; addition of alkali 
moved this to 445 mp. Succinaldehydic and 
formylacrylic acids, possible intermediates, 
were ruled out by comparison of Ry» values 
and absorption spectra. The closely related 
compounds, y-hydroxybutyric acid, $-amino- 
valeric acid, and B-aminopropionic acid are 
not attacked. 

Other metabolites. Glycolic, glyoxylic, 
citric, itaconic, and succinic acids were inert 
as substrates, or nearly so; similarly, with 
glycine, alanine, leucine, phenylalanine, lysine, 
and hydroxyproline. Formate was oxidized 
rapidly, but without influence by a-lipoic acid, 

Putrescine was the most active substrate 
tested; oxygen uptake by deficient cells pro- 
ceeded rapidly until 5 atoms/mole putrescine 
were taken up. The uptake then equaled that 
of the control. a-Lipoic acid did not speed 
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UPTAKE 


TIME CMINUTES) 


PIG. 1. Effect of «lipoie acid on the oxidation of 


prolime by deficient cells. Conditions as in Table L 

Curves A and B represent response to proline as 

the substrate im the presence (A) and absence (B) 

of glipeic acid. Oxygen uptake values are ¢or- 

rected for endogenous respiration, represented by 

eurves C (a-lipeie acid present) and D ( a-lipoic 
acid absent). 


the oxidation. but prolonged it so that ulti- 
mately the ratio was 6 imstead of 5. The 
number of atoms required for complete oxida- 

on is 11. As would be expected from these 
ratios. very little carbon dioxide was pro- 
duced: about 1.5 moles/mole putrescine, with 
or without lipoic acid. Cadaverine was not 
attacked. Amaerobically, very little carbon 
dioxide is produced by the cells. Pyruvate 
yields a trifle. but glutamate, proline. and 
ornithime are inert. 

Discussion. The high blanks found i in most 
experiments and the complexity of the enzyme 
system used, of necessity, make tentative the 
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conclusion that lipoic acid has multiple func- 
tions. However, it has been shown that the 
endogenous activity appears to be independent 
of the qualitative effects of lipoic acid on 
various substrates. Moreover, extension of 
the experiment duration produces a lower ratio 
of blank-substrate activity without affecting 
the qualitative results, as illustrated in Fig. 1. 
Furthermore, in practically all experiments 
e-lipoic acid revealed its stimulatory effect 
within the first 10 minutes after tipping in 
the substrate. The rapid effect appears also 
when there is no pre-incubation of the growth 
factor with the cells, as found in comparisons 
with acetate, malate, and proline. This, and 
the use of dried cells, would appear to rule 
out some indirect effect, such as adaptive 
formation of enzymes. 

Summary. The metabolism of dried cells 
of a Corynebacterium has been studied and 
evidence presented that indicates a-lipoic acid 
is involved in the oxidation of a variety of 
substrates and that the locus of action is at 
several independent sites. 
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Gluconeogenesis, cortisone, ascorbic acid, O48. 
Glutathione, protein deprivation, 57. 
Glycolysis, cartilage. 474. 
Growth, cortisone, DCA. 

lyxoflavin, 636. 

soybean meal. 277, 


536, 


Heart: cardiac catheterization, pulmonary in- 
farction. 444, ; 
failure, sweat sodium, 118, 
Hemolysis, rat erythrocytes. 301. 
Heparin, photometric assay. 577. 
Hexamethonium, gastric secretion. 
Hibernation, alligator. 145. 
Histamine toxicity, cortisone. 37. 
Histochemistry: esterase, kidney. 711. 
tyrosinase. 713. 
Hormone: ACTH, ascorbic acid, nephrectomy, 
690. 
ACTH, assay. 1. 
biologic effects, 128, 
blood level. 482. 
eosinopenia, schizophrenia. 707, 
pituitary cytology. 252. 
platelets. 709. 
preparation. 27, 


? 26 
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stability. 23. 

synovial membrane. 68. 
adrenal stimulation, amino acids. 669. 
adrenalin, histamine toxicity. 37. 
androgens, anabolism, 503, 
cortisone, acute inflammation. 63. 

adrenal insufficiency. 32, 

ascorbic acid, gluconeogenesis. 648. 

histamine toxicity. 37. 

inactivation. 393. 

malaria. 258. 

mast cell. 651. 

pituitary cytology. 252, 

poliomyelitis. 573. 

renal hypertrophy. 536. 

synovial membrane, 68, 

tolerance. 184. 
desoxycorticosterone, renal hypertrophy. 536. 
epinephrine, adrenal. 378. 

electrolytes, glucose. 315. 

radiation. 384. 
FSH, immature gonads. 505. 
gonadotrophin, superovulation. 396, 
growth, sodium excretion. 584. 
LH, superovulation. 396, 
pitressin, action. 272. 

radiation. 384. 
progesterone, toxicity, newborn. 641. 
stilbesterol, diethyl, ovarian cysts. 187. 
steroids, injection resistance. 312. 
testosterone, protein anabolism. 74. 

Hormones, anti, parahydroxypropiophenone. 


prog monobenzyl ether, melanoma. 
9. 


Hypersensitivity, anaphylaxis, serum histamin- 
ase. 379. 
stomach. 54. 
topical protection. 65. 
Hypertension, proteinuria. 244. 
Hypotension, mechanism, veratum. 79. 


Immunization, passive, poliomyelitis. 421. 
pertussis, live antigen. 122 
Infection, mucin enhancement. 72. 
Inflammation, cortisone. 63. 
hyperergic, protection. 65. 
Insecticide, dieldrin. 236. 
Intestine, nucleoprotein. 179. 
Iodine, serum, cattle. 208. 
Ion exchange, alginic acid. 176, 439. 
resin sulfonic, neutrality regulation. 531. 
Ionization, dyes, gastric secretion. 390. 


- Isonicotinic, acid hydrazines, excretion. 654. 


Isotope: Be’, excretion. 97. 

C™%, plasma protein. 102. 
vitamin Ks. 597. 

Co”, Byo uptake. 273. 

Fe™, excretion, chelating agent. 520. 

Fe™, erythrocyte turnover. 16. 

H’, H3O toxicity. 174. 

I, circulation time. 135. 
epinephrine effect. 378. 
toxicity. 343. 

Na™, adrenal changes. 233. 

.P”, toxicity. 343. 
| pyridoxine. 494, 

_ virus studies. 404. 

$*, extracellular fluid. 372. 
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Kidney, arterial plethora, 138. 
dextran effect. 604, 
esterase. 680. 
excretion, amino acid. 382. 
beryllium, 97. 
isomicotinic acid, 654, 
Lanatoside C. 513, t 
neutrality regulation, exchange resins. 531, 
polyglucose, 163, 
proteinuria, hypertension. 244, 
sodium, growth hormone. 584. 
glomerular filtration, tubular reabsorption. 
491, 
hypertension, proteinuria. 244. 
hypertrophy, cortisone, DCA, 536. 
mesonephros degeneration. 265, 
nephrectomy, ACTH, ascorbic acid, 69). 
nephritis, globulin, stress. 593. 
nephrosis, renal metabolism, 292. 


Lanatoside C, excretion. 513. 
Lead, intoxication, marrow uroporphyrin. 
nitrate, meningocele, 247, 
Liver: fibrosis, ethionine. 34. 
glutathione, protein deprivation. 57, 
hepatectomy, ACTH, ascorbic acid. 6, 
necrosis, brombenzene, 196, 
obstructive jaundice, bromsulfalein. 375, 
portal venipuncture, 550. 
Lung: pulmonary infarction, cardiac catheteri- 
zation. 444. 
Lymphoid tissue, alien lymphosarcoma resis- 
tance. 151. 
Lyxoflavin, antithyrotoxic factor. 469. 
growth. 636. 
lactobacillus. 


459, 


611. 


Malaria, cortisone, 25%. 
Mannitol, plasma clearance, edema. , 
Mast cell, tumor, cortisone. 651, 
Mephenesin, carbamate, pharmacology. 286. 
Mesonephros, induced degeneration. 265. 
Metabolism, anabolism, androgens. 503. 
tissue, bird. 345. 
furacin. 555. 
Methyleellulose, vitamin uptake. 92. 
Microscopy, electron: avian lymphomatosis 
virus. 204. 
ciliary apparatus. W3. 
euglobulin, hyperglobulinemia, 328. 
Moisture, albumin denaturation. 534. 
Morphine, EEG. 261. 
Mucin, gastric, infection enhancement. 72. 
Mucoprotein, serum. 527. 
Muscle, heart, cyclophorase. 349; 355. 
striated, cyclophorase. 352. 
tetany mechanism. 3H. 


Nerve, block, sodium-potassium antagonism. 
6M). 


tetany mechanism. 3. 
ultraviolet. 213, 
Nitrogen, bacterial resistance. 19. 
mustard, Shwartzman phenomenon. 639. 
Nucleic acid: histochemistry. 159. 
metabolism, bone marrow, spleen. 59. 
vitamin By. 541. 
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Nucleoprotein, fraction, intestine, 179. 
intestine, radiation effect. 181. 
mouse encephalitis. 571. 
nucleotide, adenosine triphosphate, cartilage 
content. 238. 
leucosis virus effect. 450. 
purine, analogs, development. 480. 
pyrimidine, ureidosuccinic acid. 587. 
Nucleus, ploidy, photoreactivation. 268. 


Osmotic pressure, measurement. 646. 
Ovary: ovulation, nembutal. 249, 
retention cysts, hypothyroidism. 187. 
tumors, parahydroxypropiophenone. 149. 


Pancreas, alloxan diabetes, electrolytes, 552. 
disease, Coxsackie virus. 488. 
Peptic ulcer, operative production. 436. 
Phosphorus, chick embryo, influenza. 566. 
Photoreactivation, ploidy. 268. 
Pigmentation, hypophysectomy. 214. 
Pituitary, cortisone, ACTH. 252. 
hypophysectomy, blood regeneration. 170. 
pigmentation. 214. 
vitamin E. 441. 
Plastic film, sarcoma induction. 366. 
Polonium: survival, BAL. 210. 
Polyglucose, determination. 163. 
Porphyria. 463. 
lead intoxication, 459, 
Potassium, glucose, epinephrine. 315. 
urine, growth hormone. 584. 
Premature, infants, peroxide hemolysis. 446. 
Preputial gland, weight, ascorbic acid. 290. 
Pressure, measurement, amplifier. 189. 
Protein, anabolism, intake, testosterone. 74. 
deprivation, glutathione levels. 57. 
Proteolipide, encephalomyelitis production. 50. 
Prothrombin, purification. 112. 
Protogen, tetrahymena. 158. 
Protozoan: Plasmodium relictum, cortisone. 258. 
Parazinoic acid amides, tuberculosis. 563. 
Radiation: adrenal ascorbic acid. 183. 
blood ferratin. 547. 
epidermoid carcinoma transplant. 
growth inhibition. 401. 
intestine effect. 181. 
P* toxicity, pyridoxin. 494, 
polonium, BAL. 210, 
protection. 384. 
rutin flavonoids. 702. 
sensitivity, bacteria. 12. 
spleen shielding, genetic modification. 670. 
testes. 88. . 
Respiration, cartilage. 474. 
leucocytes, 3, 
renal cortex, nephrosis, 292. 
Reticuloendothelial system, foamy cells, athe- 
roma. 455. 
PVP effect. 618. 
Rickettsiae: typhus, antibiotics, 216. 


697. 


Salicylate, beryllium poisoning. 672. 

Schizophrenia, ACTH, eosinopenia. 707. 
hyperglycemic factor. 106. 

Selenium, dimethyl selenide toxicity. 230. 

Semicarbazide, thio, toxicity. .287. 
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Semicarbazone: furacin, tissue metabolism. 555. 
urease. 306. 

Serum sickness, adrenal changes. 233. 

Shock: blood volume. 456. 
ferritin (VDM). 643. 

Shwartzman phenomenon, HN». 639. 

Skin, fetus, tyrosinase. 713. 
injection resistance, steroids. 312. 

Sodium, potassium antagonism, nerve block. 
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sweat, heart failure. 118, 
tubular reabsorption. 491. 
urine, growth hormone, 584. 

Soya bean, chick. 277. 
lecithin, fecal clostridia. 470. 

Spleen, alien, lymphosarcoma effect. 155. 
bacteria, folic acid deficiency. 56l. 
shielding, radiation. 670. 

Stomach: local hypersensitivity. 54. 
mucin, electrophoresis. 674, 
secretion, dyes. 390. 

hexamethonium. 226. 
Stress: cold, globulin nephritis. 593. 
riboflavin deficiency. 559. 
vitamin A. 580. 
Sweat, sodium, heart failure. 118. 
Synovium permeability, cortisone. 68. 


Taste, acuity variation. 115. 
Temperature, radiation sensitivity, bacteria. 12. 
Testis, amphenone B. 43. 
radiation effect. 88. 
Tetany, neuromuscular mechanism. 330. 
Tetrahymena, protogen, lipoic acid. 158. 
Thermal injury, plasma substitute. 346. 
Thiouracil, penicillin, vitamin By. 370. 
Thromboplastin, species specificity, cothrombo- 
plastin. 19. : 
Thyroid, antithyrotoxin, lyxoflavin. 469. 
epinephrine effect. 378. 
hypo-, diethylstilbesterol, ovarian cysts. 187. 
Tissue culture, bone, fluoride. 518. 
chloramphenicol, streptomycin. 376. 
Coxsackie virus. 
mumps virus. 222. 
poliomyelitis, glucose. 715. 


viruses, metabolic analogs. 497. 
Tumor: cell suspensions, hemagglutinating 
viruses. 663. 


epidermoid carcinoma, Egypt virus. 697. 

lymphosarcoma, amethopterin. 155, 
resistance: 151. 

mast cell, cortisone. 651. 

melanoma, hemorrhage, ether hydroquinone. 

589. 

myxoma, Semliki forest virus. 615 

ovary, parahydroxypropiophenone. 149. 

renal carcinoma, esterase. 

sarcoma, plastic film. 366. 


Ultraviolet, nerve. 213. 
photoreactivity, ploidy. 268. 
Uroporphyrin. 463. 
marrow, lead. 459. 


Venipuncture, portal. 550. 

Veratrum, hypotensive mechanism. 79. 

Virulence enhancement: aureomycin, C. albi- 
cans. 481, 


Virus: avian leucosis, dephosphorylation. 450. 

avian lymphomatosis. 204. 

Coxsackie, cultivation. 718. 
oral infection. 488. 

distemper, serum mucoprotein. 527. 

Egypt, epidermoid carcinoma. 697. 

encephalitis, antibodies, wild birds. 507. 
mouse, amino acids. 409. 
_ nucleoprotein. 571. 

hepatitis, antibiotics. 339. 

herpes simplex, P® studies. 404. 

influenza, chick embryo, phosphorus. 566. 
metabolic analogs. 497. 

mumps, enzyme inhibitors. 133. 
intraocular injection. 7. 
metabolic analogs. 497. 
tissue culture. 222. 

poliomyelitis, complement fixation. 296, 514. 
cortisone. 573. 
protection. 421. 
specific antigens. 48. 
tissue culture, glucose. 
viremia. 417. 

Semliki forest, myxoma. 615. 

tobacco mosaic, differentiation. 

vaccinia, P™ studies. 404. 

Viruses, hemagglutinating, tumor suspensions. 
663 


715. 


125. 


Vitamin: A, cystine, brombenzene. 711. 
stress. 580. 
B, intestinal concentration. 85. 
Big, blood factor. 219. 
Co”, microorganisms. 273. 
hatchability. 242. 
nucleic acid metabolism. 541. 


SuBJECT INDEX 


739 


thiouracil. 370. 
tissue distribution. 279, 
C, adrenal, ACTH, nephrectomy. 690. 
radiation. 183, 
cortisone, gluconeogenesis. 648. 
excretion, hypophysectomy. 214. 
preputial gland. 290. 
choline, inositol bioassay. 95. 
citrovorum factor, aminopterin. 525. 
blood activity. 219. 
deficiency, serum electrophoresis. 425. 
E, blood level. 225. 
leucocytosis. 231. 
peroxide hemolysis. 446. \ 
pituitary gland. 441. 
folic acid, spleen bacteria. 561. 
inositol, bioassay. 95. 
K, blood clotting. 131. 
Ks; C* studies. 597. 
lyxoflavin, antithyrotoxic factor. 469. 
growth. 636. 
lactobacillus. 611. 
pantothenic acid, cholesterol. 695. 
pyridoxin, egg white syndrome. 21. 
P” toxicity. 494. 
response, methylcellulose. 92. 
riboflavin, deficiency, cold. 559. 
rutin, radiation. 702. 
Vitamins, a amethopterin, lymphosarcoma. 
15 
aminopterin, antibiotics. 525. 
mumps virus growth. 497. 


Yeast, inositol bioassay. 95. 
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